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an Augmented Tracking System (ATS) for possible fabrication and flight
ter~t evaluation in later AGFCS Program Phase. The ATS Includes the
range and angle tracking sensors , the computer, and the software used to
process the tracking signals . It provides the target—dependent variables
required to solve the lead angle equation in a director AGFCS mechanization.
The ATS will ultimately serve as the core of an advanced gun fire control
system .

The selected configuration serves as the basic element of a modular
advanced gun fire control system . Its salient feature is the use of
strapdowri sensors in both the angle tracking and range tracking systems.
The angle sensor is the Bendix Corporation Adaptive Scan Optical Tracker
(ASCOT); the range sensor is the General Electric Solid State Radar (SSR—l).
Both sensors satisfy the requirements of use ATS application and have
adequate technical maturity for timely fabrication and flight test. The
principal ATS subsystem and software features are:

o Principal Subsystems
o Bendix Adaptive Scan Optical Tracker
o GE Solid—State Radar
o ATS Digital Computer
o Strapdown Gyro/Accelerometer Package

o Software Features
O Kalman Angle Tracking Filtor
o Kalman Range Tracking Filter
o Director Gun Fire Control Equations
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SECTION 1 IN T RODUCTION AND S1Th~1ARY

1.1\OBJECTIVES AND SCOPE OF THE AGFCS DESIGN STUDY

The Advanced Gun Fire Control System (AGFCS) program is a multi—phase
program to investigate , through analysis , manned simulation and flight test
evaluation , technical approaches which exhibit the potential of providing
srgntfjcant improvement in the effectiveness of present gun fire control
systems employed in the aerial attack phase of the air superiority mission.
Phase I , the AGFCS Definition Study , was a three—way , competitive gun fire
control system definition study considering the overall general design ,
effectiveness , complexity , and mission requirements of a post—1976 time
period air superiority aircraft. Several systems and their performance
parameters , requirements , risks and error budgets were defined . Systems ,
f r om a simple base line system to more complex systems , were defined in
sufficient detail to allow subsequent detailed specification .

~~The purpose of Phase II, the AGFCS Design Study, was to design an
Augmented Tracking System (ATS) for possible fabrication and flight test
evaluation in a later phase of the AGFCS Program. The ATS is defined to
be the tracking sensors, the computer and the software used to process the
tracking signals. The task of the ATS is to determine the target—dependent
variables which are required to solve the lead angle equation in a director
mechanization of the AGFCS . The ATS will ultimately serve as the core of
an advanced gun fire control system.

This report describes the results cf the AGFCS Design Study. In the
remainder of this section , the principal results are summarized in a discus-
sion of the rationale and selection process used in the determination of the
ATS configuration , subsystems and surcontractors. Subsequent sections
coincide with the task definitions in tt.~ contracted statement of work and
describe the individual study items in detail.

Sect ion 2 p r esen ts tOe general features of the ATE including a cescric—
c i o n  of p i l o t  u t i l i z a t i o n  in a comp lete  AG FCS conf igurat ion , a discussion of
i ts  auto m a t i c  sea rch/acquis i t ion  capabil i ty , a descr i p t i o n  of the ATS Kalman
t r a c k i n g  f i i t e r s  and d i r ec to r  gun fire control equations , and a summary of
the ATS error budget.

Section 3 summarizes the p r inc ipal ATS subsystem design features and
interface requirements . Detailed design descriptions are presented in
appendices.

Section 1 presents tOe  ATS purfo r-ninco an al ysis . Inc lucco  are di tatled
discussions  on the ATE sensor nato model in g ,  Ka~man filter design, error
sources and system performance considerations .

Section 5 summarizes t he  program p lanning a c t iv at y  which was under taken
throughout the s t u d” , I t  iOCIUdCS options regarding fo l low—on procurement ,
f ac r i c at i o n  and t e s tIn g  of ATS hardware .

11 
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VOLUME II pr Sei.tS u t unCtioflat UesCrlptiOn ot th e  ATS angle sensor ,
the Bendix 15001’ ( A d a p t i v e .  Scan Op t i c a l  T r a c k e r ) .  A lto presen :eu ~~ VOL1.Th1E

~i 
or’ detailed discussions of ASCOT design considerations. Since many of

the uestgn features incori—or otod in the ASCOT a re  proprietary to the lone 1 :-:
Corpora tion , ~~~~~~ ~~ is submitted under limited rights provision .

VSLU2OE III presents a lc:a~ 1e~ cescription of the ATE ran~ e 3ensor , ti~
General Electric Solid S t a r e  Radar (oSR—i).

V0~ rM~ ~v presents  documentotlor of ~ne ATS s o f t w a r e  ae s ig n .  h~ muter
flow charts and their descrip tions arc given in s uf f i c i en t  de ta i l  to a1low
assembly language programming in subsequent AGFCS program phases.

1.2 ITS CONHGUE \Tlolc

Toe ATE was configu :ed as the basic element of a nodular iLVtflCnL
fire cootroi syst e m simIlar to that ciCscrlOcu it’. the AGECS Phase I Final
:emoro . Toe genera l  cool i~~ir a t ion  of toe ove r -a l l  T O OL S  is dep icted in - -

:‘~~p u e  I, Icentif ying the ITS configuration as a modular subsystem , con
va r~ eu.s ~ . r e n t i n g  and codif ying sys tem: elements far growth

OO~~ sa l i en t  f e a t u res at the selected Af ~ co n f t gu r a : i o n  are :ne
use of a S t ’e fe O W f l , non—imaging elec tra—optical (ELI) sensor in the ang_ e
tro~~ktng sy S t em  Oflt a s:rarcow-n , range—only radar in the range :racsiog
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system. Specifically , Figure 1 identif es the baseline ATS and its principal
subsystem and software features as:

o Principal Subsystems

o Bendix ASCOT (Adaptive Scan -)ptical Tracker)

o GE Solid—State , Range—Only F idar (SSR—l)

o ATS Digital Computer

o Strapdown Gyro/Accelerometer Package (SGAP )

o Software Features

o Angle Tracking Filter

o Range Tracking Filter

o Director Gun Fire Control Eq iations

It is noted that, while the strapdown g ‘ro/accelerometer package (SGAP ) is the
selected baseline approach to the measu -einent of ownship body rates and
accelerations, provision is made in the ATS software to accept measurements
from a gimballed inertial measurement s ‘t as an alternate mechanization.
Each of the hardware and software eleme its selected for the ATS configuration
is described in detail In Sections 2 a n t  3, together with their Interface .
In this subsection some of the principa considerations leading to their

- selection are summarized . -

1.2.1 ATS Hardware ComfiguratiOn Consi terations

The selected ATS sensors can be characterized by the following features:
1) a strapdown design approach is used :hroughout; 2) the angle sensor is an
electro—optical CEO), non—imaging device; and 3) the range sensor is a range—
only radar . Each of these features and their princtpal alternatives is
discussed below .

1.2.1.1 Selection of Strapdown Rather Than Gimballed S ors — Some of the
principal reason s tha t strapdo wn sensors rather than ginballed sensors were
selected for the  ATS are:

o Strandown sensors are inherently less cemplex than girsbnllel s n’mo’-s
A strapdown ~TS u~ 1l , t h e r e f o r e,  be less e’:p -n~ i~ e , Tnnr~- easil :
maintained , more relir-ble, weigt less an1- tn-ke up less space than
its gIn1 - u l1 ~~c - ‘ i n - u i i t e r p nt t.

o Strapdown angle sensors and rang sensors with sufficiently wide
fields—of—view for air—to—air gu nery were available for ATS
development.

1
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o SLao1~~ n - tL  ~OO tn-c S tran - 1.IA.r, ancie ScOsof ~s cr :~.’.ei~~,uiL1v ant
accu r a t e l y a~ c o m p I i n - t r e c  th roug h t he use of a neu~~um qual Ity s:rapun-w-
gyro/acc elerometer puvkage (S At ’) .  The SCAP cro vn -d &-s nigh uo: : :ot-

measurements of ov.nsnip b sd’: ra~ v S fc- r se-os l ir  stabtl zatlor. w,
the need tu derive rates from inertial piatn orrt’ nata.

o Grow th potential exists for employ ing f l i g h t  con t ro l  s y s t~~n
gyros  and acce le rometers  fo r  the  mE Al ’ as t O c i  r r e q u t r e . ~eo: s ~O t Y e n s v
f o r  f l y — b y — w I r e  and cont r ol co nf i 1 n - c : r e d  v e h i c l e  (CC\’~ .~~~~I n - a : I o~~.s .
This w o u l d  p r o v iu c  a h a r d w a r e n - n - c u  f o r  i n t e g r a t e c  f . c  c / i l  t g . . t  c u n t r ~~.
sys t em s .

o Toe s t r apdown AOFCS approacn  is co n s i s te n t  untO u low—cost , l i g h t —
wei ght appr oa i -h  to n - i r  su p e r i o r - i t t ’-  a i r c r a f t .

1 . 2 . 1 . 2  S0 l ect l on  of EQ Ro t~~cr Than iR Angie m — e c s o r  — nome of the ?r t o t~~po1
reasons tOO t on EQ rather than L I  type sensor was sc- iect ee  f o r  the ATS ire ;

o 10 devices require sm~~ ior  entrance O p e C t i u n- s (o pt ~~cul wiodcw~~- woico
increases th e i r  ~nsta l iat ion f l e x i b i l i t y  ann r enuc e s  the aeroe ’. n an t c
ura~ penalty.

o The EO centroid of target (particularly for the case. of c non—
imaging sensor) more nearly matches the target center—of—gravity
than does its IR certroid .

o The EO target centroid (par ticularly for the case of a oen irn-eg i;Ig
sensor) is more stable. This is particularly ev~ uericed dtin -~~ng
angle—off changes. The-ce c ao~ es generally cause toe IP. m ontroic
to d r i f t  ac ross  the :~ rge t yielding erroneous line—o f—si.,h: ratc s
which are diffic ult to discriminate in the tracking filter.

o EQ sensors r e q u i r e  no special environmental control  as c—posed te
the cooling r e c l u i r c m c c i i -  a t’ an IR sensor.  TIc f a s t  reac:ton t i n e
r e q u i r e d  curio-I a i r — c a — a i r  g u n n e r y  poses pc -rt~ ciil ~irlv aenanning
problems with R sensors rn -m ess they are ma~ ntainod at oper~~tin~.
temperature rh r o~tgh o11t major pcrtrc :; of toe ml sri— fl. This , i n -
t u r n , )0ses we i n-ilt p rob l ems cep e n d i n g  somewh at  on t h e  a p p r o a c o  to
the  con1 ing  tasK .

o Since the 110 tor e e t sI gna tur e ~s tn-c’n-C c:~~~~ lv ccrrrelaced vrtlm tOr -m Ot

p r o j e c t o d  a r ea , i t u. be n an-c  less sensiL~ ve to r un~,e cnon -ges. cr:
tn-ks r aas c.m it ts also mot-c ~:~~:ijbjn to s:auj~~neLruc rao~~:n:
techniques .

o Rost of the y I n - t n - p e o n - s  I L - a t u c -es of Th i~~.g., v . -:: .:ty throu In- .
n - :  o t , .0 ~ i m. : ot ~er poor Vf ~~~ n - t i i t ’ n -  ~ a 0 u . t ~~u n s )  ~ re

n o t  an - m I ~rea.1 to t e  cc-c ~eurecmt ts ~stub .. s n - C C  t o :  tn-c .IGFCS , I
-_ .Thr  t o - n  i: -.j :~~ 1l n - . C t e f e  version.

L 
_ _ _  ~~~~~~~~~~~e Sens — -1

inin -ging n-n - thor I i .  on lmnlgIn 5 EQ sencor on~ . g ur o t  ion  was selector . f u r  _ _ e
follou- i ng reason-c :
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o 11w-  non—imag ing approach requires no storage of data prior to error
processing , whereas all imaging approaches require the storage of
data to generate an i~’age prior to producing an error signal. Elimina-
tion of the data storage requirements permits higher tracking loop
data rates for non—imaging sensor s resulting in reduced lock—on times ,
increased maintain—lock capability under very dynamic conditions ,
and decreased system complexity.

o Non—imaging sensors are basically less sensitive to sun glint and
other preferential optical targets within the overall target shape.
As a consequence , their noise characteristic tends to be more
continuous without the step changes (discontinuities) which appear
to be characteristic of most imaging sensors , both £0 and IR.

o Th e co mb i n a t i on of high data rates and continuous wide—band noise
permits a significant system improvement by employing a high—
f r equency  analog tracking loop closure in conjunction wi th  a
rudimentary  di g i ta l p re f i lt e r  and low—frequency Kalnan f i l t e r
processing .

o Because of its relative simplicity, a non—imaging approach is less
expensive , more reliable , and more easily maintained than an imaging
approach.

o If an image is desired for the purpose of aiding in target identifica-
tion and attitude cueing (which are desirable features in conjunct ion
with a Helmet Sight/Display), or if an image is desired to enhance
systen evaluation during flight test , one can be provided by a
parallel optical path and an associated imaging system for display
purposes without disturbing the basic advan tages of the non—imaging
tracking systems.

1.2.1.4 Selection of Radar Rather Than Laser Range Sensor — A radar rather
than a laser type sensor has been selected for the initial austere ATS for
the following reasons:

o Radar is a well—established technology with demonstrated performance
capability in air—to—air ranging with little or no aid from external
sources.

o While laser technology is becoming well established in air—to—ground
app l i ca t ion s , the narrow beams involved requ i re  highly accura te
poi n t i n g  f r om an ~xt e rna 1 source to achieve a i r — t o — a i r  rang ing.
Alternately, the beam can be spoilee to relicv~ toe potntin 5
accu racy r e qu i r e m e n t  but this resul ts  in decreased range capab ility
or increased power requirements and associated increased size, weight ,
and system complexity.

o A directi’. applicable low—weight , low—cost Radar system existed in
a hardware state which permitted the direction of maximum effort in
the AGFCS Plu,se I t  s tud y to the design and development of the more
c r i t i c a l  angle sensor.

15



o E h i l e  a v a r i e t y  of general l y n - ) O i i c O h j u  Laser R u n p e r s ex i s t  fri a
hardware state , tnev a l l  r equ i re  a ci n i f i c a n t  dr.  ~ree of d e v e l op m e n t
for applica tion to air—to—air ranging which eouid detract fr-cm the
current emphasis being place-i on the ang le sensor development.

o Radar rang ing provides either a conventional 1c~ d Comp utirlg 0et~ cal
Sight (LCOS ) mode or a range—designa tor -

‘ rucc n- Scght moce in the
event of f a ilu rr .  of toe .~ng le sensor and pr i o r  to lode—Ca o~ car.
ang le sensor.

o Since a Laser Ranger woulu depend on the an-g b sensor ana re
tracking f i l ter , the onl y b a c k — u p  to a full ope1a~ inl: Erirector
Mode would be a no—ra nge tracer tiOj e , u-c ~ fixed—ran ge 

_CJS moor - .
A n o — r n m n - ; e  tracer code provid ’s moor t . r 2  tu tn - c-  10cc— co t 3 S r . A
fixe u—r:irme e 11005 mode , wit : L provides cu i t~~b ie  aid to t v  Thck—on
task, y ielca s an ineffective n-or~ solu tion prior to transition
to the Director maTh .

.n ndcift ian to the cn-osiceration-s listed above , t Oe  foulowlng additional
considerations become C1’tkfleii t when t rowt f pc trmn ~~~~ is ccmS cnvrru

o In a growth p o t e n t i a l  v e r a r o n , R~ uar  cr.n pr o v : a~ a wicer fteb a—o:—
vIew t h a n  tha t r eqm i C C r .  fu r  time r.m’~gir. sen-r:or , p a r t i c ul ar ly  w i t h  a
g~ mcbalbed or Onucui— nrro ’- n-no . ln -~ s p r ov ide s  range- 7 r a n gy —
r r .  ce si g nals d u r in g  toe n r . qu l s i t l on  goose of gunnery en c ou n t e r s
w o l c u  5r e u s e f u l  f a r -  gl1ot displays anu f o r  automatic range control

sys tens.

o A Laser Eun mer is rest r 1cted to the ficld—of—v tew of the associated
ang le -re nso r . m h r r u 11:e , w i n - c  f’1 ela—o : — V~~r w  r a n g e  c a p n- T h l i t y  is
acn iev~-d ~~t t h e  eX~~ ~os e cf a t a r n- - opti un -I sI n - do w w i t h  its a :t c n o n t
i r i s t a l t a t  :on prob le r r i c and h igh i c r o u v u a m i c  o r i g  p en a l t ie s .

o c:dar p en -mr ts A rn cc c n v e o i c m r t m odu Th: n- m n - n - a d O, enmg r o v : n - .  a: 1f e r . -nt
an t 1 n n t  con-f i gI.n -n - ,10: s n - n - I tn -n -Ou r : ncr fIiS I n-s , ‘c ‘ leIc. desired per—
fer n - i.ro - e ch.rac ter :ctic~-i r i - n -cr a O r  r a n g e  of .:‘:r1ic~~t:ons.

o Since Rn-car cvsterc r - are 3:— On -n - n- ii :ln-dc~ tn-i all of th e uxisting air—
: m r , f  t a: n t e r e c t , \ r I F I O  e f f o r t  ir e c  tOn- ~U ; n - d 1 c  r u n - c  log W O U I r ~

r r : i u r .  a rn - ore  e f l ~-c t 1ve .nL-3n -~ o r  up~~~t .  ~~ til cu’r a tn - cr o ft to mn
aGFC -~ c i  n - s t e i l r  tY .

o .I:ca: moo .- i n - o r - n - i t n-as mI I ut - II I :~- to  1 m m  _ - d-7 rn -  ~~- .: n-n-7’ —
t : n - - m c i n ~ w h i r l -  c a r  0 1 :  t i - pr _ar ’- i- f. an-p lo t r : : I i np  s~~sremu in ocs —
on and r n - n  rrOviJe t r w - s i r - I  a. :mCil:a t :00 o u r . op n--c m o ’ u  or i ’eak
s fmrin - l of L n - I ’ g r i m m — - . s’. s t e O , it - In alsr- p o m - i d O  n-n
Director rr )uI - ~~i0 n- :~ i C i  c — o h m  n - I  t i n -  p r i m a . le  Se n - c - .  or
n - l c s— n - r . ) l r r -~ - t . -- n -  ~ in t n - c  ev e n t  D i  ~:~~r r n -~ cn- tIe - c~-ir~~a:.

o A: Len- .n-v~~np  Sc cc ,I- r: -: s t n - - I~~ 1 . 5 i i  i n - r I l e  5 0 0- - n - . ,  t i I r .  Sr 1 r C t~~~’fl of a
Laser \dliI I -n - 15 1 r i - 5 d r ~~ l r . i~~~ hI- r - ..se its I C 7 l~~ :~~~~I 1 i t  f o r  a f r a n - n - i
sn st en-; pc~ et’ a1 . n - n - r O t  ,- : -  -

~~ em~ n - e t c . - 1 t ill . r u-c r i  ;sCn-S . I I I ~_ t _  J~n-

_ _  -~~~~~~~~~~~~~~~~~ -~~~~ - - - —
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errors in both the computed line—of—sight angles of the strapdown
sensor and the gimbal angle readouts of the Laser Ranger affect the
correlation between the two line—of—s ight orientations . This requires
an increase in laser beam width to ensure sufficient target radiation
for range measurements.

o The above situation can be alleviated by a common mounting of the
angle and laser sensors. However , this precludes the use of a strap—
down approach for the angle sensor and leads to a significant increase
in system complexity. While this configuration represents a viable
approach to a growth potential system, it does not appear to show
promise of a low—cost, low—risk system to the same degree that is
expected for the selected ATS configuration .

1 .2 .2  ATS Hardware Subcontractor Selection

As a result of the hardware considerations summarized in the previous
subsection , ATS hardware subcontractors were selected to provide: 1) a strap—
down , non—imaging £0 angle sensor and 2) a strapdow-n range—only radar. TAo
angle sensor selected was the Bendix Corporation ASCOT (Adaptive Scan Optical
Tracker); while the range sensor selected was the General Electric Solid S t a t e
Radar (SSR—l). Both of these systems provided the b-asic sensor requirements
demanded of the ATS applicat ion , pa r t i cu la r ly  the wide f i e lds—of—view demanded
of strapdown sensors, and the technical maturity required for timely fabrica—
tion for  f l i g h t  test  in later program phases.

Suimnaries of ASCOT and SSR—l design features are presented in Subsections
3.2 and 3.3 respec tively . Both can be fabricated within six months.

1.2.3 ATS Software Configuration Considerations

The selected ATS software configuration can be characterized by the
following features: 1) the ATS utilizes three Kalman tracking filters , two
indep ende n t Ang le Track iflg Fi l ters  and a Range Tracking fi lt e r ;  2) f i l t e rir . g
is accomplished in a set of roll—stabilized line—of—sight (LOS) coordinates;
3) filter coordinate updating utilizes a four—element quaternion representa-
tion in conjuncrior. with Angie Tracking Filter and SGAP outputs; and 4) Aalmar,
tracking filter state variables are selected for convenient interface with
the ATS angle and range sensors.

The basic approach to the ATS galman tracking filter design was developed
during the AGFCS Phase 1 definition study, Reference 1. Modifications were
mace to accommodate the strapdown angle and range sensors. The n-racking filter
n-osign approach is discussed in detail in Subsections 2.4 and 4 . 3 .

The a:Ii~~zatio:. n - f ria l nan iitnge one Angle Tracking Flititn - in n-dc ThS
cu n s i d e r e n - :  a l i r p h i ”  : n r no r t a n t  feature of the ATS design . t~irst , through thc-
-.s-:- of optamo l  l i ter -np  cesign L e c on i qu e r , estimates of the t .rpe t ’s posi-
ti on , velocsty and acceleration are obtained during gu n  attack situations
w;th suffic ient accuracy to significantly improve gunnery p e rf o r m ar . cc .
‘cconO , because of the adaptive gain- . featur1 rm of the Aaiman frlter gain con—
g- :ta.ians , the high Ang le Tracking Filter gn-ins at initial target acc1uisitioI;,

.7
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coupled with ti~re use of stn -mllzeU 0ointing curn-i.n- n n-i s, in -  expectit to sub-
stantially improve t he  acqni sitior capability of the strapuo-sm . AID ar.pbe
sensor. Finally, a significant advantage in e” bo :clog a iKn- imar ,  n - r~~cksng
f i l te r  in the ATS is t n - a t  the f i l t e r ’ s c ncreased :nemory a n - f .  p r e d i c t i on
capability permits effective open -n-Li on for i gn i i cc a . : t  In t er v a l s  w L L - ,co t
measurements by emp~ oy ing cxt r a p o :a t r .  tm— d rop muces. During ~n- r,u~ stcicnno r iods , when o : c il ’. i to ry  s t c rr r i o p  c ha r a c t e r u c t ic s  cause t n e  target to
m r . r i - adica llv leave th e  r e n - a e n - t l v u  s e n - n - o r — ’ :t~~~~s— , : — ’~’Iec , n - c  toss n-f  trucking
ca p a b i l i t y  r n - - s u i t s  w i t h  such CXtrn - oiute maces. kale a rnorner.:n-ry cocreast-
in dceur .1cv  occurs dn -r n -n p such  pe r iods  of n-u m easu r emen t s , L:mO b as ic  t r a C d i i t~,
sys tem a c c u r a c y  is qu ick ie  re st 1mmeu snort n - f  L e n -  rn -n -u sUr eme r .t s  are rest m. n - ,

without the tOed f o r  r e c y t - i m n -7, r n - r o n - g b  n - n e  n-:.:gin a i  sv a rch !ac c a i s i tao r 1 /
tr1cking sequence. Thus , fr a l s y st e m  acc~.rac ’, can be . 1n t i c zn a t e d  10 inest
eases p r i or  to tIm Cs or g u n f i r s n - . i f l  an- - case , toe mc- r :onic oDes of r-.~~~~ O n - r~~
meri t p I t s  his l i t tl e  or n-i. t ip  ~ - On s y st em  o p e r a t m u ;  r e p n -r - a i r 1g pn - boz taa.-rn-
on- system transie: r-s .

The s i gn u i i c an n - e  of the  ext i’ a po i at e  t n - c e d in g  rro~~1s is tita n- t Oe  c~~c:r;
rec~uirements of coarse tr~ n-kiog aria p mr - sei’.t position imhn -~ .rltmon - over a w:ce
f i e l d — o f — view dr -c  s at i s fl e .  w it h o u t  imposing ~.rys ica 1~~y icr -ge  f i e l d — o f — v u e u -
r e q u i r em e n t s  on the  sen sors themsv~ ves .  F-n -r :ocr ao:’e , tn-c n-c airemer.cs of
-;rc’n - .~i oo t r ack i n g , n-resr.;mt eosit,on- estn - . r e i n - m m . ,  ~~~~~ f U t L d e  pos i t ion  n c - r I c o —
L ion arc- s a t l~~f~~ef. b y L I r  u c l e c :cn -  sn - r n -Th om-rn  ATS c o r .ft  lu r o t l on  over the
smalle r fiel:. — u f — view mssocin -n-e i with actuaj perr~n-un - of gunfire.

1.3 ~~.n -  P f R ,h i s,~1AAr: - . Sh t D b t n - Y

ITS p n - n - f o : -r n - - r n - c e  c e n s o r — n - r a t  ,r .tS d in -s p r e s cn : n- i .  I n - .  n o o n - O c t i o n  A .  ~n- . A
n - j u l i de ra t  n-on in then -  i S -  n - n - S I  was i n - s  n-er ; on -n - l ance  Un -OCr - d ynO n - OC

o.. - . D n- rn - n r rm~~c U I ~~ . m n -  n-~ : n - m o l v s t~~ ucs  p i .n - ;  o r - r n - n -  o s iag  a CDC 6610 7

u t n - t t n - l  -om n - r- 1 n - e r  ,;r;mu trnen of the .116 Range and .~ng le l n - . c k l a g  F i l ter s  in
- i l i tj  lit L i o n  w i n -  t mi e  Fcc S Ae~~n - d1 Cu n-~~n - r -  ScorrI a t m o n  ~?AGS) rogro ;ii ,
Re i t  . e t ; -  ~

- 1.. iA0~ t n - t ’V r  rca  r o a l i s t o .  n-c- a: ~“e 1;~m m r r e t r ”  and .J fustkDin-
uri.-rm 5 n - n - r i o ir, r  I C-Itut t 100S .0 1  1~~~1t er  I n - S t if lp .

1. ~.l i i  f e e t  n - f  S S R — ]  F r - n - n -  m cr 1 .1

Tn - n - princigni n - n - n - m r  contribution s of n-;,e f r .~— i  i an -tn - are: 11) a random
e n - n - o n -  w r i i c h  var: es is a f ,n c t  , cum of ran .r s igr ma l— Lc- -n o ise  ratio n-nd range
e f : n - n t u , n -nu .i sY~~~- tn - C er r - c-n - m-1hi 1; n -u .  cc as i d n -~~C SC f e e t  ..t s no r t
r a ng e  (500 - e e L )  i f  no t  c o n r p c n s n - t e u .  5or the  r - l - o t m v ~-~~y r n - o c t  r a ng e s  per nir .eimt
III n - I  in - - 7 r. nrm r n -  - :  ( l e S S  tin-an 1311 feet ’, , in- .e r a n ge  gl i n t  corn.

n - n - : rn - inn - ct ;  r- . ri 7 :cn-n-r s urn. t’n-Sn -jn -S in -  . ) n--n - s n-at-I - - i..~ : en-m tI I  ) of e~~n - n - n -. T h , c  e r ror  s o n - n - r e  in corn- -n - on - t~ oo mn - rn - n rh~ .36 n-talon -un lain-pr
l l ~~~ I r - 1 1 t . - r -  r r - s r ,  t~~ in tar~;r-n - state estimation en-curs ~l )  n - l o o p  Ic

thmc - f s r - i - f I~ :1 - . . n - t e ’-’: l~ -. i c r-i ~ n- n- n- u ;~~~ ; — ) Ic J n- 5 L/ d d C 0 . t r .  in- .
r n - . i r e r n - n - c ;  ann -  3) A CCt/SOCDI C. in r u ng e  a c ue l e r at . o n .

T i p -  s h rr . — n - m n - g e  sv~,tc : n-a~~~c cr rc- r :.~s - n - .~ ,- ’-n-- . n - n - n -  . t i t~ :.~ .ige l :ar . —
iog fil t e r rnrn - .n - n - it  i~ p n - c f . : c t - n - 1 e .  f.o;-m-e, ;su i tua  rr .un-es ~~~~~~~~~ n -rn -on - Lu
m c  n - c - ct - i t  50u teet n - f  ran 5c. At  1100 I i . . :: n - t s  c - r n - o r  n - o . : t r c c n - . . n - 1 1  o.~;
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neg ligible and the total range bias error is approximately 20 feet. The
predominant effect of a range bias error is in the estimated range state of
the Range Tracking Filter . The range measurement bias reflects directly
into an error in estimated range; there is no effect on either the estimated
range rate or range acceleration. A secondary effect of range bias error
is an error in estimated target velocity normal to the line—of—sight as
computed in the Angle Tracking Filter . This error is given by the produc t
of the line—of—sight rate with the range bias error. For example , a range
bias error of 20 feet will produce, approximately,  a 3 feet/second error in
estimated target velocity with a 10 degree/second line—of—sight rate.

1.3.2 Effect of ASCOT Error Sources

The error contributors of the ASCOT are not as well defined as those
of the SS~ —i. Analysis indicates that the effect of atmospheric and
receiver noise are negligible in comparison with even small amounts (.5 feet)
of glint error. Glint error denotes here the displacement of the contrast
centroid as measured by the ASCOT from the geometric centroid of the target.
While the ASCOT is designed to minimize the glint error , its magnitude is
unknown and , hence , the ATS angle tracking accuracy is impossible to c.uaxntify
accurately until experimental reo~Its sn-c obtained in follow—on effort.

However , it is possible to -provide some indication of ATS angle tracking —

pe r fo r m ance .  Am error budget of 2.5 milliradians(la) has been establishec
as an upper limit to toe error in the measured angle sensor pointing eare.ctiou
at maximum firing range (3000 f i ) .  This measurement error in comb ir.aoion
with a matched ATS Ang le Tracking Filter and 10—sample prefi1terir~g will
provide pointing errors (lo) of less than 1.5 feet and errors cn e st am at a d
velocity normal to the  l ine—of—sig ht of slight ly  more then 10 fee t /secor,d  f-c r
range conditions of 3000 feet and less.

1.3 .3  E f f e c t  of  SGAP Er ror  Sources

The p r edomi n an t er r or s of the strapdown gyro/acceleration package ~SCAP)
s - i e c t e u  f o r  trme ITS desi gn are deterministic errors which  are sensi t ive
to  b o t h  o~~n~~it i p body r a t e s  and acce l e r a t i on. For the  near ly  c o n s t a n t  bode
r a t e s  rind a c c o l e -r a t i o r t s  which exist dur ing  gunnery solutions , these errn -- r~
r esu ’t  in a n e f f e c t i v e  bIas  on each of the  ra te  gyros ’ measurement s .  The
p r i m a r y  e f f e c t  of ra te  gyro bias is to bias the estimate of n - e l a n - i n c n n - 1 - : c i t v
no rmal to t he  l i n e — o f — s i g h t .  This error is given by the product  ot’ the
gyro  er r o r  and range. The maximum rate gyro e r ror  a n t i c i p a t e d  is 1.5 m i l l i —
r n -d i :n n s/ s t- c c n - 3  r e su l t i ng  f r o m  comnan ~. r o t c  scn1~ f a c t o r -  r n - n - n - - n - .  Thus  a t
-mux ~ :nm:o r an g e  (3000 f~~ct )  ro e  error  in e st i m a tc a  v e l o c I ty  ~.uo to gyro- coos

~ Ii1  be about  i .5 f ee t / second .

-- - -— -~~~~~~~~~ -
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SsC i IO.\ 2 I F s  CONi- 1GURATION EF~ D t r t C d’

2 .

P o t i f l e d  A l -  s ub sy s t e m  deszg : t  n -n - d  i n t e rf a ce  ~ u n n - : n - c n - n - t  ce r n - n -  u n - C  n-~~scus~~~d
i n  Se c t i on  3. The r o l  I n - :  mn - 1~-. n -u b s e c t i - n - ; i s  d e s cr .5 e  ci::. o p o r at c o n ul  f eat o r e s  of
toe 136 , c a r : i c u t n - n - o y  i t s  au t o m a t i c  en -- a r r m n -  n - n - u  n - n - r n - O n -i n - b r, capai t .~ l i ly ,  a
p e n - - o r a l  d e s c r m n - t i o n  o t  t ao  .11’S Kalo -ra ru t r ack ing  f.. i t C n - n - , t h e  d i r ec to r  sipn-.t
n-igorit!i:us and ITs er - n - o n - u t : r t g e t s

2. 2 ASSUNED 50i1N1rl  m u  l i . 1 n - l  I , -~ n .j TO ITS CO N F I PU I X I - C-:-,

The ATh c o n f i g u re :  ion is post ;liin - :n - d On gannory S i t s s n L  Ons in - ,  w t cr, toe

~t L t . t c i ’t i f l p  p i l o t  successt  U r  r V  a c c omp m ;  sacs t r e  r e g u la r  t .efl i n - n - S r  ~ tm.on -t

a s s I st an ce  i ron tIre AGFCS , n-urn - , in -as ,n-ic tn -n-0et on t he  n -Ll in- L l n - d l
app licable t o  gunfire with a f i l m -I g r i n .  L p to  t n - f r  t imn- it IS c1-t;. ~~i tee 

‘1

t ha t  his s ig i t  d in - n - i n - v -stlI be a . r r r T I t D O . T n - a n - o r  1 :,.e wIth on- immeasureu— :o.n- ,o
n - t e n - g U n - t o m .  u n - n - - ;  a c t i e v i  op the  above er ;c o t e u n - e r  pen n-C t n - v  s i t n -n - t r o r .  ( a o u c .n-
IS Wl tlt.O Line f i r  i n - . — - . I — n - : , -w o f  t . :  n-n-age n-~n-tt S3r~~, i_ c ~~ n- range is d u r r-~~
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. m e . P r i o r  to r ange  . o n- s on- , t i c  a ng l e  s e n s o r  s n - n - n - .  1; f j~~1d is r n - i n n - n - r n - n -
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.. : r : : q r u f S i  t I o n  t e c h n i qu e  -up lc :ea u . l r e  oU~~s Ion -  of f i r in g  ro n-r n-c .

Ion t u e  t ar g e t s . ovos  f u n - :  u t i m e  search f~~e~~d of  n - h 1  an 51-n- s ensor
(depo nn - i sp  on the p lo t ’ s sk : r i  in- . ~y~~np the mn - ’- ; e n-  . rn -cer  sigIn - .:. , tn -e
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It is apparent from the above that , for the basic AGFCS configuration
described , pilot skill remains an important ingredient in the problem ,
depending to some degree on the size of the angle sensor’s search field .
This will, ot~ course , remain the case for any fixed—gun system in which the
pilot retains the terminal steering or gun—pointing task.

The pilot steering task would be relieved somewhat if a Helme t Sight
we re added to the  AG FCS , since the angle sensor ’s lock—on and the t ransi t ion
to a Director reticle would be possible without the prior requirement of
Damped Tracer steering . The pilot steering task would be further relieved
with the addition of a gimballed gun or the use of an aircraft employing
inoerendent fuselage control capability since , after director computation is
achieved , the precision gun- . pointing would be accomplished automatically .
The pilot steering task would be relieved almost completely if , after
director computation is achieved , the attack aircraft were flown automati-
cally through the flight control system.

To best establish the adequacy of the proposed AGFCS configuratior., i t
is useful to consider the potential advantages of an increased total field—
of—view . Relative to the angle sensor , it is clear that lock—on could be
achieved sooner with a larger total field—of—view . However, this would
occur only if the sensor ’s search field could be positioned in the vicun-.ity
of the targe t by some external method . Only through the use of a Helmet
Sight, or some other similar cueing device , would this be possible. The time
required to search a large field—of—view to locate a target with an E0 sensor
is prohibitive .

To further consider the adequacy of the l imited f i e l d — o f — v i e w  on-I roe
selected ATS hardware , let us assume that an angle lock—on at a larger
ta rge t bearing is achieved as a result  of a larger sensor flilI— r-f— vi~w.
i t  is o f l i t t l e  value to e f f e c t  a corresponding d i r ec to r  comra :an-ior. a: n-inc
n- -mrge bear ing  angle , un less the system is to be used e i t he r :  I) to a u t e i s o a t i—  - -

n - a l l y  stee r the a i r c r a f t  in an acqu i .,iLlon mode; or 2) to direct a g i m ba i le d
gun h a v i n g  large degrees of freedor to a corresponding gun—pointing solutstom n -.
ifl ill other cases , tn - n - c  d i r ec to r  i n f o- rn --rat ion is avai lable  fo r  a cons iderable
n - n - n - n - j  p r ior  to one ’ s ahi i:ty to make ef : .e c r ive  use of i t .  Furthermore , even
in t he case of a f i x e d  gun or a gimbailed gun wi th  a small amour.t of  f r c ea om ,
auco m a t i o  s teer ing W O U l O  be equal ly or more e f f e c t iv e  if i t  were bases ott n-in c
l i r . e— o f — s c gh t  n -a t~r a lone  ur .t i l  the t a r g e t  is closer to a gun s c i u n-t o n .
Accordingly , for an AGFCS wiu ic t inc luaes  a h e lm e t  Sight  (as it mIght
fo r an u l t i m a t e  A C F C S) ,  ~ t WO U ~~ tI no better to base such a u t o m a t i c  st e er I n g
commar,ds on th e i - ie l in -te t  S ight  measurement s  r a t h e r  than on an a u t om a t i c
t r a c k cn - . p  s y s t e m .

From the  above u i n - c u m s s i o n  i t  is o le-a :  tr -,n -i L n -he  on l y  ssrgntf icaot
adv .nn - ,g tm of a n -r g e :  I n - - o k — -o ur ..t h i gh b e a r i n g  ang les Is t , ; n - n -  the n -r a c In g
f -u n c t i ~~a is i n i : n - a t e d  n-iou toe d i r e c t o r  r o m p - n - t a n - c o n  n - lr e .u~~’/ available n - n - S i n -
n -ti e t a r g e t  is b r — r u g - u n -  in -un t o n - In - c  5ua f i r - n - n p  f n e i r i — o f — v . e u  . Cnn - ev en - , n - i tn - ti’
t n - n e  f r o m  search n - r n i n - m n - n - i r r ,  n - n - ’  d i r e c t o r  dam n - t a n - i o n  j S kep t suit—hi— sr-all ,
t his a d v a n t a g e  on -n be of l i t t l e  v . , iuc  .r;  VuCW of t iuct corresponding p r-i taly  



sysn-on comp l e x n - t y .  I o n -  c r iL:ca l  requirement , t h e r e f o r e , of a sysn-e t t
wIth l imi ted  f i e l d — o f — v i e w  sensors (such as the ATS c o n f i g u r a t i o n) ,  Is that
the search/acquisition/tracking sequence must be accomplished ir. a m i nI m a l
t ime. A c c o r d i n g l y ,  t h i s  f ea tu re has been given primary attention in our
aesign efforts.

2 .  2 PIt S AL 11n-tATII  SdAt’i D i i / A C n -n - U I S I T l QN  CADAB TI1I  y

As meritilor ed in n - h e  n - n - c - --,’ o un- n - i tbn - - , r - Ct iof l, it Is oxp ec :e~. t n - a t  n -n - o a r
nor m a l  cI r o -o r n - sto n ce s  r.acar hOc.n-—oo will occur prIor to ASCOT lock—on. Dasic:n
o r -t a i l s  c o n c e rn i n g  the  ASCC’I an-nd Ssk— l sea rch , det~~o t I - ,n an-in- acqu i s i tu or .
--n -g a err ces a re n-i srscuss~ d in -n - deto i~ in VOL~~ES Ii & IIII  , r espect vi ly .  lit t o~~s

— un - sect i o n  n-he priruci pn-a~ te~~n- n - n - o , of t i le  SSR— I air:. \ ‘ C O T  o n - n - o m a n - i c  sn - an -c a  rn- n-r u
u c t ec t ic - n capab i l i ty, .n-m ru the In-n - In - lalization of in- .n-e ATh tracking f i lt e r s  Or-c
e_ s cu s s~~d .

1. 3. l 1ngo_~ garctn  .‘-.n-guis ition an-n-h Tra-ohing Filter .n: toalizatioun

tic sen-rci . procedur e of toe SII-t—l is summarized in Figure 2. las:caily,
:n SIC In -c t search ince :vn - 1  is s t e p p e d  a-u n- in range every 2/32 of a n-oconc
i t t  Sn - e n - s  of 750 f e e t  - c n n - I l  too t.uaxirnum search range is ~ t t n - i n e d .  Tln -~ SRR—
has n -n - a our-u i ly s c - Ie c :u o l o  naxn-n- .ur n -ri c r c i n -  ran - ice op t ions  of 3000, u~-Ti0O 11Otr.
u I ,000 f e e t .  l en -  Line XIs-I n- g r . n - c a t : - o n - .  the 6000 f e n - n -  opt ion n-n- n-Ill r .ormal ly  be
selec . r -d .  T h e r e f o r e , t i te  ATS r ange  search wi l l  r eg e ir e  0 .25  second un -n -ocr
nor-n-n-al n - I r : u r r sn -n -n c e s  din -n - 1 second at  m o s t .

R~ q
Set t - n g

- 

~ Searc h Rn - tn - 24- 102 ~u;s
Search I rn - er v In-  Str-gec 7 50 ~u
every 1/32 sec

Stan - n - n -  n - i t )

____

n- n-, n -S n - f l -
0 -

6,000 f t
F iG U R E 2  3,000 tt

SSR-I SEA ~ iCSi i~ SOCEDURE 
-

i n - c -  n - n - n - r c h  interval S t e  i n t o -.. -n- -m t by Ir .c re rn -n -urcn -np ..n-c Sn-Cs—I 1in - i . g i n - a . .
r ange  r eg i s t e r  h’- a f n - n - - :o tn -  an-n-oo:nt ev en -v  1/ 32 sen - o n -n - o n - o n - n - I  tn- rn- ::an-0 cn-nc range is
n - e m .  ;e n- .  I t  is n - n - n - e n - .  r esr ’tn - . Since n - Ic  t I SR— i pulse n - e p n - . . _:..:un .r e g a e nc  (?Ri~
1- . .114 l i z , this 01 jOWS I n - t O  i n n - c  ~r a t  ~c’rn- of 32 ~~O t n - n - n -~~c.i r e - t u rn p :uIn - scs in -n n - r e
s n - n - r c m n -  t n : e n - ’n - al f o r  t . . n - _ s h c - l n -  u c n - e c t n - o n .  i f  the ~n egtn-ited r e t u r n s  ao n -r ot
exceed a pr e— establimoer. n - i n r e s I n - o i d , n -n - I c n - n - n -5. reg . -~:n -r  .s i;n-c;~c:n-c:n:r-0 by
750 feet. : t he  mon -egr ated ron-urn s n- :-:oecd n - e t n - : n - c - S n - i O n - i~ , a u ct c d I l O f l
hiscrete is set n - n - tn - I  .~ 0.25 n- C e - O n - i,  . a c g r u . n -~~t 1~~n- p n - n - . r r .  IS c m n - . O r C~I .  n- u r n - n p  the 
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n - 1 r l u i s t t i o n  pe r iod  the  range register is adjusted every 1/64 second so that
n - n - u t- u- an-tgt - n - r r i c k i n g  gates  are centered about the average of the return signal
( , i t i r i n g  acquisition and tracking 16—pulse integration is utilized). The total
,uus:, t ittl L of t h e  r a n g e — re g i s t er  a d j u s t m e n t  d u r i n g  th i s  0 . 2 5  a c q u i s i t i o n  period
provides a r.urn~ i-— rate approximation to initialize the SSR— l range—rate
r e g i s te r .  At  n -he  end of n-he acquisition period , providing the detection
signal is maintained , the SSR— 1 initiates its tracking mode by setting an
u c g u n - s i t i o n  ( lock—o n) discrete.

The acquisition discrete is monitored by the ATS computer at a 64 Hz
rate. Upon noting tin-at the SSR—l has acquired , the ATS computer requests the
contents of  the SSR— 1 range and range—rate registers . These values are then
used to inItialize the XIS Range Tracking Filter (see Subsection 2.4.3).
After filter initialization , the ATS computer commands the SSR—l to its
Augmented n-lode which opens the SSR— 1’s internal tracking loop and provides
range—reg ister settings to the SSR— l every 1/64 second . In its Augmented Mode
the SSS.— I n -: I) loads its range register with the range estimate provided- by
the AI S computer ;  2) i n t eg ra t e s  the return signal over the next 16 return
pulses  to measure the e r ror  in the range r eg i s te r  s e t t i n g ;  and 3) adds the
measured range—register correction to n-he range register contents to
provide a 16—samp le , smoothed range measurement to the ATS computer every
I / h 4  second.

St i r n - n - ;u n a r i z j n g  the no rma l  t ime  required fo r  range search , a c q u i s i t i o n  and
tracking filter initialization , assuming a t a r g e t  is w i t h i n  the SSR— I ’ s
field—of—view and 6000 feet search range:

o Maximum Search D u r a t i o n  — 0.250 second
o Acqui s i t ion  D u r a t i o n  — 0.250 second
o Range Tracking F i l t e r  I n i t i a l i z a t i o n  — 0.017 second

Thus , the XIS a u t o m a t i c  rt m un-ge s c a r d i n/ a c gu i s i t i on  c a p a b il i t ln -  r i orm alv recui res
slightl y over 1/2 second . If t h e max imum sear ch r an ge op t ion  is used , ta r get
acquisition could take as long as 1.25 seconds.

2.3.2 An&1e Search, Ac quIs iti on and TracIng F i l t e r I n i t i a l iz a t i o n

The search p r o c e d u re  of the ASC T is suirmiarized in Fi g ar o  3. Bn-rsicallv,
a square search field Ir r a s ter  scanned and the ASCOC detection video is
mo n i t o r — u  by a t h r e sho ld  d e t e c t o r  (see \‘OI[’~ ’ - II.. Se~ t r on-t 2’l . k3ren n-he
detection video exceeuu-r a p r e — e s tab l i sh e d  r . c n - e c t i o n  threshold , a de tec tIon
n - i n - cre t e is geurerated. u r i s  s et ect i on  d i s c r e t e  t r iggers  tn - n - c ASCOT acc-n - i s i t i o n
soe 1 aen ce  oi s c u s s c’o  in - n - n - I re  id ios i :rg r a ’n - a g r~aphs .  As i n - n c i o m i t e s  cm F i g u r ,  3 ,
a l t e r n a t e  An -’ :I t S i s e an - n - l u  f i r - i n  h i  .n - i-s  .mn-C pr o ’1 u n - r’n- in the  XIS design . These
a l t e rn a t e  search f~~el U  s i ze s  are  m a n u a : l n -  s e l e c t a ble an d p rovide e i th er -  a
2 ° x 2 ° or n-I 5° x 5° -i -a rch Ic u.n. A c  p e n - n a n - t y  p a i d  fo r  t h e  larger il~~Itc
size n-s tho  c o r n - -cspono~~ur g l: s n - - n - . cr  s e ar - c o  f r a m e  r a t e .  T n -us , the t n - r n - c c — o f f
ri u ct rug a-u n-~,m,1t ic search in -  tn-n e re 1 un -r c nt  f o r  i n r re a s e r i  p o i n t i n g  accu racy
on the  p a r t  Of t i r e  p i l o t versus the amoun t  of t ime r e q u i r e d  to comp le te ly
scan the se, ,rc i :  r i l e - I n - .  II n -~ .- n -rn -n -c—of f was considered of su c t i  importance
t i u a t  the  two se, rch loIS options were provides to allow evaluation during
.~:s fUgI -t n - test :~~1 .
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F 3 u n-I E 3
ASCOT SEARC- i PiROCED uEn-E - - -

An- r l g;~ro S r n - n - n -  c n -t e S  n - r n - r i  ~en -rtiOfl of t an -  A~~Cei s e a r - n - r n  In-Id  i~

e st n - h l  _ s , s c d  h ’- I n - t o  a n - e ; r n - i l L~ n - .  I u r i ; t g  on I t i a l  sen -rn - n- the  ASC , T ~ ili n-e

d i r e c t e d  t o  p - n - I l l  n -io tn -g -~ h o i t v — f I x i n - h  , i n - n n - t n - a 1 — a c ct u i si t .~ol - n-n- n - n - n - s

t l t , n - h t  t e s t s .  l-I I r ’ n l:-,00 r r e n - r l : c -n- i n - t n - c  a comp le te  A C F C S  , n - i t o .\~ CrlI’ S~ ,-in-C ,

ficIn- sill be c. in-ecte c  n- ri O n- rn- t tn-c gun cross if tO e n-aca:  n- tn - :5 Or. .r
ca , or if n-noon-urea range excec-us max oum Ifectn-vn- n - r n - n - n p  range . Ii A SCOT iii
no t  \‘en - locket  o n - ;  lO,ic-r- . n - o n - Su r - c i .  corn-ge- is b o lr -.r n-toxin-tn-un-.. n - f - e o n - l y e  h i n t s , n -on -r n-n- n-
n - h e  s e a r c h  f l e l - . s i l l  t i  .1 n - on - tn - 1 to pInt at  the  iAin-s~?n -r .  Tra e-r si g ht  .n-~~t i c l e .

O f t e n -- n - - e l e c t i o n  n-he An -A n - O F on t t  n - s i t s  ~u g U  ~S1t~~Ofl n - t - r ) u n - O c C .  This
s e ) ;u O f l n - e  con s i s ts  of s ev e r t i  coon - i m a n - n - .  do n - j on - n - s by ho n - n - in - the ASIOT ar.d the
PITS n - ous n - n - i.~ n - r .  I n - m n - n - n - i n - t e l  .potn- n - r e  se ttn - ng. o f n - n - n -  -a - c t l o n - n -  iu i s c r e t e  ti- c
On-hOT stores t n - c - l o c a t i o n-  of t i r e  - n - n - Lt- cn -ce n- tar n - n - i n - n - toe s en -r e  f i e lo  .ini.
trrinsn-ri La n-1 ,Ia io- :ation- to  t n - c  ITS coumz. 0n- on r n - g i n - s n - .  Tn - c API

un- lu i r t o r s  t ,,t’IS C (, ie~ n- t Io t~~. in-c ron -c ~ a r I -  Sn- r a n - n - .  T n - u n - , n - h o  PITs--
co mpun - e r  is 1i .. n - L of d e t e r - t n-. ~ iln - o s t  ~~ n - i . t i n - 1 n - .

The S c n - , r r . , i t r ’n - u~~~ r - r  n - _ d i r i n - a t r i a l  p - n - r on - o t , n - ’in ~ ~- l . n - c h  Ate ASCOT
c - St db i r i  n - e~ n-- t -1t h ~~un - on -  non -  t ine  -~~~ n - e n - n -  i n - .  s i n - n - a l  O~~~~ - I n- i n - c d  on -n - n -i n-lie  Zr~~:r n - Cn-
or a t a l s e  a i t r - t n - .  P a r - n e t  e o n - . - n n - i n - . -mv is n - - a b i i s i n - c - h  on-n tn - 1e n - n - n - . 5  or  two
c r - i  t ern - i. I- r an - , r O e -  t a r n - l en -  rn-n- ,n-st u n - C m -  a closn -d - - s n - n -  n - tn n - , S CC n-n -t ti , muso
no .  ex000ri i- i n - u n - un - a b l e  sa n - s i n - n .m s i z e .  ~~e r e f i n- re , b e f o r e  n - i O t i C n - i O f l  n - I . e  m ar~ c:n- n- n-n-s

target j n n - u u l : r  size in - n - e n - n - n - - n - t n - c  ( D i n - n - r n -  00 n - .c - n - in - ,tn -cd n-n-li . i - n - r n- c., r~ -n -t so n- n -n -p n -p -u.n)
or.. tn - ;ins n -ri t t t ’ r to n-he An -- COT , if  n-n ., n -c lock — c - n-. . a n -  not  f i r - n - u n - r n - n -  n-i
n - l i .on--;ab~ e n-rget s i z e  1 s r ~a er ; . tOe A t C U T  r , t c f l  t e n - n - S  n - . r c region n - In - u,t ~hr-
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point ot detection in the search field to determine if a closed—shape of
sufficient contrast with respect to the background is present. A total
of ISO milliseconds are allowed for target verification. If a valid target
is not identified in 150 milliseconds, the ASCOT reverts to its search mode
after a 40 millisecond delay to allow for switching transients. If a valid
target is detected an acquisition discrete is set.

At detection , i.e., after receipt of the ASCOT detection discrete , tine
ArS computer requests the location of the , as yet unvalidated , target.
During the period in which the ASCOT passes judgement on the detection, the
ATS computer initializes the Kalman Angle Tracking Filter (see Subsection
2.4.2) and provides a stabilized pointing command to the ASCOT. The Angle
Tracking Filter is not completely energized , however , until the ASCOT
acquisition discrete indicates that a valid target has been detected . The
Angle Tracking Filter is initialized by establishing a coordinate trans-
formation between the aircraft body axes and the line—of—sight (LOS) along
the point  of de tec t ion .  The Angle Tracking F i l t e r  states u t i l ized  are
elevation and traverse pointing error , relative target velocity orthogonal
to the LOS and target acceleration orthogonal to the LOS. The filter sn-mit es
are initialized based upon measured target range , and ownship body rates and n -n -
accelerations .

Until the acquisition discrete is set the Angle Tracking Filter ’s
gains are zero , thereby causing the filter to extrapolate target mon - fo r .
based on in - s  in i t ia l  conditions and ownship motion only. The extrapolated
target motion is used to update the body—to—LOS transformation from which  a
s t a b i l i z e d  ASCOT p o i n t i n g  command is computed and transmitted to the ASCOT.
In this way the ASCOT - t es ts  tha t  region in space in which a detection was
obtained (and its extrapolated position) rather than test a fixed region with
respect to the aircraft body. This effectively isolates the acquisition
process from ownship motion.

If  the acquisi t ion  discr ete is not set after 190 milliseconds , the
detection is considered a false alarm and the system reverts to its search
mode. That is, the ATS computer resets the body—to—LOS transformation to its
fixed , initial—acquisition search position and commands the ASCOT to that
search position. Simultaneously the ASCOT reverts to its search node.

If the acquisition discrete is set before the 190 milliseconds transp ire,
the Angle Tracking F i l te r  gains are c om p u t t d  f rom measured range , n -a n gn - -  r at e
and the extrapolated filter covariance mati I:. The ASCOT tracking loop is
automatically closed to provide a measure of pointing error. The u n - n - c a n - n - r n - c d
on i r- -t ing  e r ro r-  In -  t r an s mit t e d  to the PITS c o m o n -r e r  where  i t  ,s an-en-I to ru n- -can - c
the dmirmar, Ar1gic Tr acki ng F i l t e r ’s s ta te  variable es t imates .  Inn-s comp letes
n-in c acquisition process.

Sutn --um ori zing the m aximum time required for angle search , acqs :isizicrt
ann-i n - t r i c k i n g  fi lte r - n -ni tua ln - zat ion , ass—m n -mg a target is w i t hin  the  ASCOT ’s
search fietum and its detection range :

0 n-inix imum Search D u r a t i o n - n  — 0.25 second for 2° x 2° sean-on a i r- i d , on -
0.5 se-cur io  f o r  5° x 5° scare.. In-el

25
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o A n - r ,~~~ n- n - t n - o n - -. 30. aL~~u n - n -  — 0.150 second
o Ang le T r a c k i n g  Ft t er  [n i t ia u i z a tl o r .  — 0.017 second

in - tn - a, n-inn - a u t o m a t ic  tingle searcr/n-tcguisition capability requires a maximum of
slightly over 0.6 second for the large search field and slightly over 0.4
second for the small search field .

--ii
n- .4 PItS L\N itdr-(in --C In-TEAS

lin e Kairn-tan-. tr e cn -in - :g f i l t er n  m n - c  -n - rn -n - -uol pal C~ en-m cntn- ir. tine AIlS. These
filters have beer, briefl y disc umasemn - Ic. the -precedi :n-p sobsectior in cor1junc—
n - t i n - - n - . with tine PITS On -on -c in- search/acquisition capability. A detailed
d i s c u s s i o n  o f the  f . lt e r  design sir -Ui- n -h u t - c ant i n - n - 3  pe r formance  are presented
n-n Section 4. however , b - e n - n u n - c  of the u n - r n -n - en -n - ien ta l  ir t p or t an ce  of the f i l t e r
s t r u c t u re and its ln -r t c --r f n -en -e wi n- in F t c  15001 n-n c n - n - S R — I, a p au n er nA ccscu ssior .
of n-ncr Al a filter umesign and its re-Ian-ion to n-I princi pal sensors an-c
presented here.

- 4 S n- l e o  n - O ”  m n - i  n- i u i - sn-i  
— 

n-k i -  n- ,cr t or n-n- _~~n-~~o

Cuf n - r in - sn - a r -y  i m p o r t a n c e  i n --n- n - i n n -  design of the  ATS c m n - b t p u c n - :on  aa , i  the
s e l ect i on -  of tin - rn - ~\Si-~I7 an -~. SSIr- I in- mn -er - l a c e  w in -a  in - n - ic  Ka-tn-n-an fIlter. Tn--n-ac oP
t i e  O -C ~ n-~-~- n - O a~ S e n s O r / - I n - i n - n - a n  I I  I n - n - u  c o n f k g u r a c c o t n -  a~ t en - n -a t ive s  an -ru n - I .0.Jit  n-n-.
s inn - ? l i f c r e d , b lock  d t a g r - r i n n -  t n - n - n - n -  in - n - F i gu r e  4. Becauce  of the irfi n -tor t ar i ce  oIl
select  e-r ig a con f  . g n - u r a t  ion - n -  nc , r ~~cd i n - e n - c  accomp n -i s i -t cu the goals o f ho-Ar tin e
overal l  AGFCS program d n-rn - t he  PI TS a c - s i g n  and f l i gh t  test , n-ho selection
ra t ionale  is P t - e n - c - t i n - e n - i  n - n -  n -n n - urn - c- .n - .n - tn - nll .

2. 4 . 1.1 I n n - e r - n - r n -I Fn-ec.b n-an-I-n - S n - c  n - n -’ — Tin-c f i r - s n -  c o a f l gu r at l on  san-eec. cr1
Figure 4(A) is in Air tur n- n-n -oat -n- a n-n-rca - n-c- . , n - in - .  I t  ocn-.slsts of an- error
d e t e ct i ng  sensor used ,tr t  an e l a n - n - e n - ., r u n  a :c , mn - n -~~ c c -n -n -r o l l e d  feecibac .-n- loop .
By urn-h ang tire- c-un -pu. of n - he -  e r r o r  d e n - e n -  n - n - n - np sen -n -sun - .. mean-sure n-ner t , X , or
n -he p h y s i c al  v a r i a bj e , .‘-. i n -  prov~~m~ n - rI . n - ne ms on - , t n - o l  n - o n - i o n -  usually n - m i -.es .rr~e
to rn of em - m I te r  a n - n - m n - h —pan -n- pn -~~r-rn- n - tn - - rsn - l r--nn rol en- an Ifln -e~ r-Oi con :n-rn-I, or
t n - n - P r  comb~ n r n - r. o n n - . Th is 1~~ap mun--e t be ti pu n -n - In - ; closed sn -m oe -en acc,n- -ran-~
c,~in1SUrement is n-n -~-n -v. ,i1-rn - O f l l V  Wi n - e n - n - tte . i e t e C n - r n -J en - c u r  is smaol. Inc
measurement is then tin -i’d to An -n-pr-run- -n- the .icn - cun - acy  of n -n e  e s m i r n -r a t eum sn - . i t e
var iables  in t n - n - c Knlsn - ,n- a lltn-r. n - - l i c e  n - r n - c -  e a n - l n - i r- t t - d sys tem s t a n - c  v a r -n ap l e s
a re  not usc -n- to n - o n - c r - u i  t n - r e  sensors , n - m I s  ~S an - o p e n — i o o ~ - r-u -c r u ct ur e  - rots, the
o v e r - i l l  sy n -  n - em s tar i i .po~~O t ;  o r ,  r7 t i n - r a - n - . . a I r  f t n - ’ r P I , n - n - n -  is un - eu  to direct  toe
n-n-urn -Or. o n - n - c e - , t i n - r n -  cu f f  i n - n - r a n - i o n  n-n -as b r - i -n t e n --me., or . o r . t r - r t n o o  :eecback
n - t n -  U n - m n - t n - ,, .

i C  n - n - n -~ n - n - wen -n-n~~- n- on - ~s n- , r - u i n - r . ; n -  n-s i t s  n - on - r n - n - t o  a ep e n n e c . r -n -  n- n- n--n-n - mn -c
n - n - 1 m~e n - i n - n - n -  ; t n n - . . n - n m n i n g  n - i nA n-:- nn-n - o .n--n-, n - n - n -n - n - n t  r . C V 1 n- e - .  In- ,n -u n - ;l~~ n - n - n - n - n - P I n - n -  CieE n- n - n - n - t
n - u P  .n ;  ~o of n - w o — n x ,.s s y s m n - n - i , have on--n- n- 1b e-ec poor  n - r j C K , n - n -. n -- rbon - n -n - , au rn- -

to an i n r-~ n - p r n - n -~~~~c n- . r , n - cn -  o f oc, ’ r., i n - r n - t t c  r e f ~~n - i s : n o e  r n -nc - s .  Tn -~~se n - v a n - a n t s
n ivn - un-cc ,, ,n -— ~~~~~~~~ ~zed nA n - n - — o f —n - i  n - n - en-n-n-n-cc in-n-n.tes assocrn-ate. cin-rect lly
w i t h  t u r n -  sOOn -on-s .an- _ s - n - n - . r con - n - p u n - an - n - n - n - n - O n - a n - (s~-n - e r i - ro l l  an - p - . r c .- to  n - o n -  - ,n-n-n-

n -tOO t n - n - n -c- I i m t e — o f — s n g h t ) .  - n - n - i -~ I , I t n -n -  n - -n- p -e r  on -r n- s F .  t I n - r i n g  cr  st-m c . - m n - r r n

c p e C a t i u . n - s  in a sn-i t~ alc - s t a b l e  C O O n - n - u n - n - . r C  u r a m e  o n - i a n - n - n -  c m -n c r  of r i o  z r~.c.n-~~n-ig 
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( C) Combined Internal/System Feedback Structure
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F I G U R E  4
I~R I N C ~PAL SENSOR/KALMAN F~ LTER C O N F I G U R A T i ON  A L T E R N A T~VES

difficuI n- n-es . in~ gh—gd in -t proportional channels are n-sect to n-n-tncr, tan-n-r
t r a c k i n g  loop loci under ini gir ly dynamic conditions , there is n-i marked
tendency to break lock in - , the presence of background clutter or target
fading. This is due to the absence of angle—rate memory signals in the
tracking c h a n n e l s  tha t  a re  st r o n g  enough to carry the tracker through
periods of signal degradanion.
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On n - n - c ’  on - h e r  t i n - u n - n - I, t rn - ee -~~r n-np .~ - c r n - n - n - -  w t , j , ,h  n - r i- - r n -— . .n - n - . p - r n - p o r n - i o n - i n - i
m’ i l ann t n - I s  w i t h  a p p - r o p r l a n - n -  n - n - a ’. c-n - n --A ,,, n-nru e 15 (to prov -..n- r r n - a n -  Ac
memory si gnals  to rnmini n -n - ,n - ,n- e tin-n- , - - ,. V u , , i n - ,  ,n - i -n - ro t, break ,ock ,n-. c n - . n -  n - r e s n - r c n -
of i n n - n - n  a t n - t a n - k c ’r  r o i l  r n - n - n - s  ~~~~~~~ - , .n - , n-~’ n - ’ n - , . ‘ ‘ i n - . -  Is n - r u t’ to a ;aiin - r - r - to
properly transform n- tn - n - v on -n -or , n - n - : L n - - -. , u n n -  ,un - L~ S t i r - o n - n -  in the  n - n I n - n - n - a i  ..it.n-,e~
sIgtr~ 1s into a roll— n -t n - oP — n - s e c cco - ’u . n -r n - t e  n - u n - i n -. fn - n - -n - n - u ron -tan -it , the n - n - F i n - n - n - n-

orn - e ,n -’_ d t I ~ n- of n- n-t m’ r e suh ,e ,r -. v - - . - n - n -n- m i  r , u t C of . , n-  n-n-n-,..n- n - n-s n-rot ran-...—
n-n -in-nod n- .ndn-pcn rn-,-; t of n-c _ I, n-n-jt n-On F t - e  n - n - c r  n - - n -  arn ie’ r , m n - c’ ‘ . rC- u - , an-
n - or - cur  an - i i n - ,  -‘- n - n - n - n - a n - n e d  b~- c j u r n - n -  u,,-n t n - n - .- - , ,, - n -n- pun  I n -  n - n - n - c  n-to: t n - in -  n - r i r o c t i o r n -  on-

i n n - n - n - — o r—n- ~ghc r a n - c’ . : - - .rei n-t i U . n -n - ely ~.-  t e n - n -: n-m i by n - - . roll rn -n - n - n -, F t  ~ t n-n-n-
n - r n - n - n-n-n-atntaine,. during .u I n - i p h r n - I  n - n - n - e  n - , . ,rr. n - n - , .n - n - n - , n - , r e,~.—lo cl .n- c o n d i t n - o n -n  ,~s
n-our .run -nr -, , Ion - r  . ‘At!. , - ~~,

, .. -‘ n - n - n - n -  roll n- .m n-~ - y p n- - n - ,  .,n- short r anges  urn -n --
h i g h  l t n - n - r -— u0 — a t p i n - n -  r,~m en - n- n - n - c -- al ly n-’ N . s r  -

nA - F . i .2  a -  - r o n - n -  5,n-- n - - ,i , n- .u c k  n - n - c. , - n - , n - ” , — I n - -  n-~.; . t n - n - t . y  n - o n - c n n - n - ca .,n- c o r . j u n n -n - i e - n - .
,~ L t r .  n - t o  : u n - t n - r  n - n - , ,~~,, e n - ,-, s t n - n n - , n - t . t i -  n-n - . , n -  i r V n - ) m - -n - .  n-5 n - .~ r p - o r a n - n -~~a n -  t n - r .€n-
inn- ln -n - .n -~, - t n -- n - _ n - , n- ,u t i n - n -’ ,, emn - n -- o  - n -in - u r n - r u  F l o o p  - n - n - .  n-—~~n -a n - - ,r i n - .  in. - n - n - r n -  4 I L  n - n -n -a
fiI tn -n -i .n-g ,~n .r su~ tn-,- , ,‘ n - n - n - n - n -n- An-en-i . o , - r n  n- ,rn -t~ F - . - n- - n-\ v n - r n - n - i n - y  n - n - I  , r , n - n - . e n-
ire dv.., Au n - ., . r n m n - . c.n -r~~ n - g :

o :n-rth in -Cr -n -mm- i n - C S
o n-o- .I— ’~n-~~n - i,msn - iune -— — - - _ g . n- u -c, -r n - , m n- ’ n - en -
0 .~~n - F t 5 C n- O , r~~~~~e - n -  n - n - t . , o n - n - n -  w _ . ’n-~~— , s Y , n -  n - n - O i u O n - d n - n - -,~ , n - n - n - n -  ~cn - e - n - 5 .

Sn - - on- . n - n - n - s  n - n -r n- n- on - ’ ,u~,’ A n-il-n - I c -  n-oor (,in-i,r,.- n- n- - ,,u n-n -o , r n - - I — a : i r r , l n - . s n - -n- , ,n -n - u n e _ n - ._ s .~~ , r t
n - c - o r n - i n - n - , r I e -  sy s t . n - n - n -  Wa n - n - n - r o n - - n - - n - i .  r f l  n - iddn - n- ,a , to uv rn -n-_en - .r,p .e
cited above , n - i n n - n -  Se n - n - n - n -  t n - n  of n - in - mn - .n- muord ’L n - n ,, n - - n - v a n - n- - sn - f o r  n - .,cPIIr ,~, loop
conpucat n - On - ia  Y i n  -n - n - ,-, n--i n - n - on - n-- sVn - t ,un -n - n - ,’it n-fe ‘.‘,,ri run - iosr of n - a c  c o r c e a r o h n - r u i n rp t a r-g e :
st .~cos , - thereby c o i n - t n -  An- n - i  ur n - n -  to un- n -- n - n -u - . — n - n - n - i n - n - ct es n - n - n - , t  i on  n - n - n - m n -  prea. . C L m C ~ -

‘in-his can eas t Lv rue n - n - n - n - -n in - n  n- ,n - n - ,n - , . n- , or a sn - e - riv n- r n - n - _ n -  t , r - r . r n - r g  o n - n - Co n - r u n - n - n -n- -n-- ~n-.
u n - n - I c c .  n - . r c- , . t . ac P I e r curn -r . , en -e , n-ho n - a r n- n-~- n -  n - a n - n - n - n - n - c, ann-i t n - m i ’ I n - r e — o n - — s n - n - g i n -n-
rate are a LI equal. In- t h In - n -  n - a -n - n -  n - n - re I I  n - U — O n - — a n -n- - -  t n - n - I c  , , r n - n -  F. , , ’  target
accele r a t i o n r  are h o n - i ,  c,n- n - r n - t t r r n - in- n - n - n -  t r u e  n - n -  1—stab!  lin - c , i  in -  n - n - — n - n -  n - — n - - c on-
c o o r - a i m n - dn - o n - V a n - e n - f l. n-tn n - I r e  othe r n - n - r n - r i , I f  an-i n - . a n - n - h  n - c — -a n-’n-A r ,n-~ :e sn -n -t n -m n - n-n--cr .
emp i en -- o n - , h o t . ,  Arc e o n - r n -  e-~~n - n - , n - - n - m r e- t n - n -  ~n- v n - L o c n - n -~ ,r n - n - ,  n - n - n - c n - i’r , .n -~~o rn n-, n-I  be-

p r i. a , -n - r . : n- n - u r n -,- -“ I n - c r A n -  n-c- en - t i n - a t e  in - , n -h e f I n - c r  c c r . n - n - n - o n - I ,— r ,s.

I n  p r o g r e r n - . ~ n- 1’n- :rccn n- . n - n - n -  , . r t . m r m r , i .n- - c ,n - rn -a , ,n -n - s n - r u n - t m , ,- n-r i  F i 4u r e  F ~AI n- C-
L _ _ n - -  - ,‘:n-n-.mn-,n- feedback n - n - s n - r , n - n , t r e  of F i n - n - u r n - n -  4 ( h l  , n - c  fo lr o u  n - r u g s n - n -  . n - n - ’. n -n -n -~n - e - n - -  n - n - h- t o
I - n - In- n-n - ~un - , ern - u i n - n - r, to i n - n -  u n - C  o f  sn - n - n - A 5, - c; c r u a r h  m an -en - or c o n -r t : , n - i  n- a r r u o n - .-~

o n-i I n - C  m O n - n - n - n - n - i .  n- -c ’ n - n - , ,  n- s -,~r n - n - n -  n - n -  ti., , 5 i n - r . i S n - n - n - ’n-’n- . V , t n - m . n - b I ,  ~‘ , in -
u . . r c c t l ’n -  avru ,~n-n-n - ,~e-’. i n-n n- .no n - n - n - - t n - u n - n -  f e ,  ,k S t n - a n - , L n - n - C,

iP n- i n - r n -  . n - s m  e n - n - r u n - n - n - n - n- a n - n - n o  c’ n - ’ n - n - n -  ía  n -n -rc ,’t su  n -o n- . direct ~ ‘~
‘ mn -n- i , n-bc -

n - , - - n - ~ , , n -sn -- n- n - n - t n - n -. var ..ib,n -- (,.,n- , i n - or n-n - in -g e) is O n - n - e n - n - u . ,-,, In -n - lOIn-n-
t I n e n - n - n - , , n - a r n - n - ,  e r -n - c u -  n - n -” t e e  n - s t  h n - r - n - ln - m’n- vn - mn - lahce .

o I n - t n - ’ n - n - re - - , t n - - - n - rn-wm .,’n - r t rro .,n- - ,n- n- In -c i’ n-al F n - ’ i a b a n -- .n- s :r t ; m ’, n - n -’c is cc ’, or L n - ,

• n- u-. s pir- r’ tr ,i L co n n - e n - n t b r - n - - n- P - n - s i n -  n - .  ,s of n - r e  C ,  - .-n -n-- — i n -n-o~n-

m’ s.-. p - r u n - n - .’- e n- t - n -n - , - ,n - i .  n-c- n -n - n - n - n - nt  , n - n -’V ~-c ( n - . ,. ~l of I n- n - - c ‘n - I  n - A n -  n-I n - i .  an-r n-

c n - a , i r u , t n - u n -  W i  L ’. n - I ,- ,n - , n - m  — r u — t i n - n -  a n - n -’ I eve  I ) . us the syn- tern I ei ’ n - D n -,c In-

—,- ‘— -..- _--- — -, —-— - —-- - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ r—~ ~~~~~~~~~~~~~~~~ ~~~~~~~ ,-_- 
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sn - n - Itcn - u r e, ti e measurement noise is essentially that of the sensor
in-self , colorcu only by the prefiltering deemed desirable.

o .‘,~e system feedback structure has the potential of using state
variable feedback in the sensor/tracker control loop.

o The control signal in- the system feedback structure has a much lower
dat,, rate than n-ha : of the Internal feedback structure , caused both
by t n - r e  filtering action of the Kalman filter and the sampling
interval used In the digital computer.

Tn -t in - system feedback structure was selected f or the ATS SSR—l/Range
T r a c kin g  F n - i t e r  i n t e r f a c e .  it  was ideally suited for this purpose due to
t n - n e  digital SSR— l mu m - n - s i g n - n  philosophy . The estimated target range is t ra in -s-
n - un - in - t ea directly to the SSR— 1 where it is loaded into the range register ,
thereby positioning in-rae range gates. The radar returns are integrated over
16 returns to generate a range correction every 1/64 second . The measured range
correction is added to the range register contents to provide the total range
measurement. After updating the Range Tracking Filter , the range register
is reloaded with the current range estimate. The 64 Hz i n t e r f a c e  r a t e  was
selected to assure that the target will remain within the 100 feet n-racking
gates even during I-nigh closing rate conditions.

2.4.1.3 Combined Internal/System Feedback Structure — The system feedback
structure provides the principal advantage that the sensor control law n-n-a
based ar-or . the f u l l  set of system state variables in roll—stabilized
coordi.nates. However , it does not permit as timely and tight a control as
that inherent in the internal feedback structure. Accordingly , it is
sometimes desirable to achieve the advantages of both structures through the
combined internal/system feedback structure shown in Figure 4(C). In n-iris
structure , the basic sensor control is obtained from the Pain-sian filter.
However , it is blended with a vernier control obtained by internal ic-eOn-ar-It.
i’A e p ur oose of the basic n-n-or .troi is to provide a reference pointing con-r.rnar-~d

w h i r - n  u t i l i z e s  the e s t i m a t e d  state variables of the system and cs refresh-on-
at ci s u f f i c i - or . t ly f a s t  ran - n -c to  isolate tine sensor from ownsh i n o t i o n .  TIn -c
n-n -n -n -pose of n - m e  v e r m i n - n -  c o n t r o l  is to maintain a tight , fast—re snoncring
c o n n - r o i  loop th rough  n - n - i c -  use of i n t e g r a l  a c t i o n -n . S ince  tine vernier cor n -tn -cl
need on -tv p - ru n - n - n - i n - minor corr-cctnor,s to the reference p o in t i n g  coin--n-in-t n- un- a , tn-rn-
b r c , n - a — l o c k  p r ob lem s  associo,ed win -in the internal feedback structure are
avoided.

I t  wn - u , n -  f o u nn i  t hat  n - u n - i a  i n t e r f a c e  s t r u c t u r e  was b e s t  su i t e d  fo r  n - r n -  ,a,75
P lO T /An g I e  Tr-ackIun~. , A l n - e - n -  n - n - n - c r - f a c e .  ~F i n i m n - I  n -o rd ifl cn -rt..run - .a were recurre d
n -n a n- n - n - m - ._ n - ’ ,. m n - , n - n -;n- - n - ot :iglnt I n-nn - eu-tn .it tn -n - n-n -p c l O s u re  -con -n -A ed w:n - n - In  n- In-r n- a h n - _ n -  ‘i

to a u - n - o n - n - n - n - n -  n - n - c  An -n - tn -hi f r o m  on- n - u- - t r I p m o n - i o n  n - n - - n - c o  n - In -  tn - n e .\‘P S c o np u n -~~r w o n - c
p r i m a r y oo,na n - m n - n - r a n - i  n - -n -n - s. l,,n- rccn- n-, tn -on - n - en - n - n - in- rn- c n - , o t n - i t e  the n-tin- -iA n- f r - o n - n -  c u - n a n - n - r n -
m o n - n - o n - n  d n - c n - .~ :n- d n -h ,- a n - n -- of a cc - ian -n -n - ely in - n - gin - interface rn-it ,’ (164 h n - z )

A sn - n- ru n - n - icant -~ n-vun -nn - .tge on- hon -Fr the sys n - n - - n - n - n - f e e d b a ck  s n - n - - a r - n - u n - c -  and the
corn -n rr~~n - n - en - .  i n n - o t’n- n - ’e l/ sn ’ a n - e n - n -  f e c u ha c k  s t r u c t u r e , p ar t i c u l a r ly  w i n - e n  a n - n - e n -  in
con ; u .r c t i on  w i t h  I n - c i t e d  h e l d — o f — v i e w  sen -r n- n -n -c s , is that zinc- use of
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e X L r  n - n - p r -  I n - n - c  mui r - n - io n -  in n - n - i n -’ A n - n - — ccii i c g l n - r a t _ . mr n- , n-s tacn- . I n - n - , n - t c . n- , . n -’n-~. zinc-, n-~~n-ge-t.
in - r n - n - n - e s  ou t  of either an - u n - n - n - c r’s tu n - , m I , f i e l u — r - , — \ ’ien - n - , t n - t e  e x n - n - n - n - n - m n a m t e  r n - o n - c- n - - f  n-nc
con -re ap -on -c l ing  Ka In -n - s n - n - un -’t f i l t e r  i s  ~ n n - n - bJ en - r , In n - u . n - n - n -  n - n -n - n - c , n- rn-s targc- t n-n -l o in - n- n-un - , n-s
pro~ en-n -t eu into the future ban-eu on can - rn - n - n - n - en - n - a n - rn - n - cc state var-n-n-blc-s at n-in-c ,’
sn - n -n - r n - on -’ the e x t r a p - u n - t a t e  mode. Dur ing  the cn -xn -r~ poi n-an-ion period , n-he
r e f e r en co  cor.n- ro ’i sI gum-il pIn-ices the n-n - -n- n - n - a r - n -’ s sn -ace: ,  f i n - n - I a  ~AS-IlOT Or S E P— I ,
as a p p r o p r n -n - n - : n- )  n- n - n - n - n - n - c  b r - a n - i o n  In - n - I n-n-n- C e - m n - I  n - n - n - l a —n - P — n -n -ow se n -Urn - n -  n-In -c- tn- . n- n- n-n- n-
is exn -n -n - scn -eci  n-a n - c a n - n - n - a n - .  Durir .g an n-n -u- .. n- n- -n-d at i o n - ’, p - e r - r o e, n - ar g o t  s n - u n - n - n -
n - n n - I o r m a c  n - o n  ‘,con - ,In-r cr -rn-c ln-n-,,bIv be sun-n-t o n - n - n - n - , t n-n- n - n - n - n -  f m - n - c  c r - o n - n - c l  c - r n -n -n - n - n - ion - n - ,
.\i- n- n-’ n-I n-n- Ou t  at r o d e - n -_ n - n - n - i  n-n-cr-n-n -racy. ‘n- :,e .m X n - n - n - n - )n - ) n- n - r n - n - o n - i  u i c , n - , n - r a c V  n - n - : p - c - f l n - n -  n - n - t n - n - n -  n - in -n-
.n-rracion of n-x.rn -p -oIn -’n- n- -an-I , tIn -c qu n - i l i t n - n -  or n - n - n - n -  n - n - a n- ge : n - t n - n -  n-i n- n- n - n-n- n - n - f i n - n - n -n- n - n - n - n - , an - t n - , n-

sn - n - rn - of e x t ra - u n - n - n - r n - o n - n -, ~n - n - n -  n - a r -  t n - i n - ge L ’ ti- n - n - u n - n - n - n - a v e n - n - n - i n - g  n - n - n - n - i f l~~ on-strdpol n - n - n - n - e n - n -.

2 .  P - I  A l a  A n - n - g n - n -  n - n - a c m - n - l o g_ F i n - n - n - t

i n - i c’ ATS tracking f I n - c r  e-’n - n - u n - n -~~urin -  n - c e  n - on - i n - ron-em , of : t. ree sc o u r -n - ce  ou t
r a n - c  r .n-n- omn- t -iected i n - I  n - o n - n -’: two in-.m u r - p - n - - , l u n -- n - n - , n-’n - ,u ,n-,~~ n- n-,uckn- .ag n- -In - lters in -n -  LOS
ein -”n-’n- ti.on ann-n- n -r .n - ’,-’cn - r ,-.n -’ n - n - o n - ”, , r n - n - . n - m’ ~~~, n- n - n - n - n -  ,n - n-P .r- un- c ‘i’ r n - -,n- n-Arg Fr t l , ,n-n- sn- . A n - c - t a n - I a n -
n- n - n - Ca n --n -n - t a n - n - c -n of tin-c A n - S  n - r , n - rkn - r rg n - I I n - n - n -- r  n - i n - n - S n - n -n- mn n- n - n- n - u n - c - n - n - n - n - n -n- ‘.s gn-n-vn-n-sr n-tn Sc -en -n -on -n -
4. .~~~n - :~~ n- ,n - u I j s n - r - n - n - cn - n - tIn-c D.a sn -n-c s , n - m n -n-n - - ,un - - u P  t in - . .  Al’ s Angle ‘Tracking F’: i n - c - c
ia p resen ted  ann - t n -n - c  u~aarge ‘ n - n - n c a n - n - rn- in - I  n - n - er n-n- t ru et t ir e  is gin-i n- n-u ’. n -n -n n - c r c  io~ ton --- n - n - n-
su ib s en -  n - t o n .

‘, , n - n -  e~~-e- an - ,ci rn-, oP n - n - O n - n - i  n - In - n- a l e - n - n - a n - i o n  .-n-r. rr n- n - n - , u - en-se  In-i An -’ro_ e Train-I-n - n - n -np
T n - I t t - r n -  a n - n -  n-n- n- n - n - n - n - I m , r  un - n - n -  n-i r e-. p c o n - n - c t n - n - n - n - n -  ~ tn - I ’ n- n- , ,.re 5. n - n - a s n - - n - -n-n n - sn - n - ire igu r - e ,
‘mn - n - n - mb n - n - n - n - g t e  f i l te r s  u t n - n - , a e  rn -an n -n -c ,u n - n - n - r n - g o — r n - n - c  en - n-n- r n - c , . t c n - .  ‘T i n -  n - n - a t e
v ,n - r n - , n - o l o s  of eon -I ,  ‘ti n- n- I n -  Tn-acn-\in-g f in - n - en - n-i n- n-n- t i n -n - ’  res n-n - m c c c n - l v m- n - r n - p - n - n - n - o n - n - n - s
o r n - m n - n - n - g n - n - n . r I  m n - -c t n - r n -  I m n e c n -’ n-- n - n - h n -  m n - P .  n- _ n - m g  n-r n-n- :, n- n -n -rp n --t vcn-loc:n-y rn - n - ,~ n - n - c v n -
.n-O t O n -mm a n - n - n - e n - n -n- - n -  , . m n - n - n - .  n - n - n -n-n- n- e n -  n- ,n - n-n-n - m ’ n - n - n - -~ , n - n -,n - r . .  n - n - n - r n - t in - n -s , n - r c  e s n - n - n - . n - a n - e u n  in-
:ohi—an -,n-ScILn - c_ , I I n - .n-- — a f - , n - m -0, , .  n-_ c n - n- n-’n - , n -r , n - n - n - e n -  n - e n - n - I  D c - n - u n - n - n -  n-rn-c- tn - I_ n -n - tn -on -n -
an - n - n - n - t r-cive -rn-o n - n -  1 n - n - o m a  i n -  c a n - n - n - n - n - n - e n - I  by .,p- n - n - n -  n - r n - n - n -t n-n- 5Cie Ct iOn- , of n- In - c s n - n - n - .,
,: , c n - a , ; l n - n - n -. T h i n -  sn- n-n-n-rn-o n- n-v ro n -u n - n - S mn - n equa l P .n - i n - n - n - a n -, n-n- n - n - i - n - n -, ‘t n - ,  , ,n- n- bc- n- -

,.oC m :nn-nin -- -cs con- p - n - n - n - n - n - n - o n - n e - n - n- c - n - .  n - e -n- . .n - , n- _~~. T o  ~~~t :n-~~n-n g m n - !n - ,  are c, n - mn -n- -. . zeu in-
n - n - a l  n - n - in - n -c n - n - t  a If  n--in - , r u n - n - .  t o  acer- n - n - t n -  I n - n -: c n - n - n - n n - n - n - n -. n - n - n - : n - n -  n- - n - n - n - n -c n - n - u n - n - ran-ge
c - u n - t n -- . A’:n-c n - n - n - n -, si n - n - n - , ,  n-c sn- n -n - in - P- .. n - n - n - i n - n - c a s i ng T n - I n - e r  c o n s i a n -, n - , n - In - c
r cn - s’n -n-_- m- n-Ave n- n -n -n -n -p - on -n- n - n - n - ,- : O f  I t n - I  I n - e r  n-n- n - n - c n - n - n -, n - n - n - r t e  r - ,, n - cn - -,, n-n-~~ n - u - n - n - i n n - t n - mn- r ,n - n - n -0m - ’ , ~;
n - w i n - - n- n - n - )  a c c e l er a t n -c n -u s , an-k ,  n - , r s n -  on - m n -n- n- n- t n - n - t o  sensor c on -ru n- u rn - a n - o n - n -; and n-nc -an -n-Urea
n - ’ o i n - n - t i n g  er r o r s .

. n - re  n - n - n - - r n - a n - n -- n - n - n - o i r r n - i , , n -  e n - - n - n - n -  , ,n - ,c ’ n-, I n - n -  c’, i n - . u  P , n- I n - n - n - - n - -n- .~n , n - l c  n - r n - n - s n - n p  fliter in-
n - i n - C n- C n - i ’ m- n - i Vtn- n- O n - n - I n - s r - n - n - i n - n -  c) ‘n - r n -  p-n-. i.,n- i n - n ,n - n - r n -  “ n -  n-us n-n - n - n -- n - - - n - n - n - n - n -  In- n - n -c- rn -n -. ‘I —

s t .u ’o l t n - , n - _ - ,_ ,  l i n - n - e — r u u —n- n - ,n- I , I  _ O m , n - n - . n - , , , n - ,  s n - n - n - n - n - . :. ‘IA n- 7n -n - n -n -i t n-n- g n- - r n - n - n -  can -n - s -n- c s n - n - n - s
an -c  c a n - n - I -ma te - I  T n - n - n-n- ,~ n - n - i y  n- n-u .’, n- n - n - n -  n-n -n- n - i O n -  p r - n - n - n - _ m n- e n - r o n -  n - n - ,’ n-’ cn - n - n - n - ,:~~, u n - n - a n -  n - r n -
‘, n - t t a gc :n - n - n - I n - n - n - n - , .  n-c- n-Ire i C m n - , n - n - n - n - n - ,  -n - P  n - on --  n - n - n - n - . . .’ n - n - n -  n- an- n -  n - : a n - , , n - n - ’ n -  n-can n -n - ic
tn - i n - n - i .  p A n - a te  n - n - I  L , , e  , ‘,: n-n -i, P O p . _ i m c n - i  s yst e m .  i n -n -  n - n - _ n - n - n - n - m g  n - n - r n - o r - en - n - n - n - n -n -a : n-on
aj, n-, o t n - n - v - n -  in-er ,  n-u c-n -c r n - n - i n - r n - u n - c -  n- r n - n - n - n - n -  n - on - - n - n - in - u  n-on - , icc I n - n  n - n - S n - u n -  n - s n - .  ,i ann-v. n - n - n -n - s of n -i n -c
on — n t  n - n -  n - n - r .  oP n - in -m n - .n -~ r c n - n - n - n -  n- n- r n - V  ( s e -u n - o r )  n - r n - n - .. n- n- n - n - n -  r i - - p e n - n -  to  the r o l l—
s t a a _ , L , -n - ’ .- L On - n - ( f I n - c r )  n - x -  u - n - .  - n- - , n - n -  , - n - t s  t n - r u n - n - n -  t n - n -- A n - -C O .’ ,.n - -, - t n-.n-~~:r an-
n- un-- n- t i n -  c h , n - n - a  n - n - t n -  an -n - u -n - re  usc-n-. L n - t  n - n - i n - n - n -n-i n- i n- in-i n-c- t n - n - n -  n - n - n -, e r - ’  n - n - r n -  I,n- tIn-c n -n - I - n -

rn -i - i n - n - n -  n - n - . , e v e r y  1/105 a n - n - e n - -n - n - n -. I n - a  s ,:n-n-n-mCS r u t  t i n - n - s e  n- n- , tn - n - n-’n- ,n - ’n - n - n -’c p -c- .n - n - t in g
n- n - r - n - n -~. n - r e In - ’n - n - r , i, n - n -’c. n - mn- p - n - o n -  n - n - n -’ n - n- n - n -n - t a n - , ,  n - n - n - e n-, n - n - n - n - r e : ncn - n n - s  to the sn - , in n - n - n n - n - f i l t n - r -
every  I / I n - - n -n -- eon -rn -i .
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The ar-n -rn-or—to—filter coordinate transf orm-n-atm -n is a1 dated at n-n--n-c 160 hi
rate t i n - r o u g h the use of the Strop -n-ion-n- n-n- Gyro/Accelerometer Package (SGAP).
Incremental body , n - t t  t n - a n - ic changes sampled every 1/160 second are compared
to incremental LOS urn-plc- changes over the same loterval to account for body
rotation with respect to the LOS . ‘Tin -c- use of a SGAP in lieu of a gin-n-n-balled
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‘ n- ,n -n-~~~ n- _n- 
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p - n - n - n - t f o r n - n -  was p r o m p t e d  by n - t n - n -  i n h e ren t l y  n - - n - un - ooth  b o d y — r a t e  , : ,n - n - a - ,n -n - rem sre r n - n - s  o n - n - n - n - i n c -u
from t u e  iA .AP c c - n p - n - n - r e m -  to n- in -c’ irn - n - rn - n s. c ai ly  noisy , dc-n yc-n-n- ran -n-’ i nn - u n m a n - i o n
obtained iron an Inertial n--le asur emn -mn -n- Set (IMS).

For axon -n -n - n - Ic- , the AN/ASN— 90 INS urn-on -on -s ,m fn -n in -r— g in -n -bril systesun- in which the
inner—roll gimbal ang le  is rn- n-n- n- p - r o v i t n - e n - i  as an o u tp u t  u n - sn - n a n - .  As a n c - n - n - n - n - I t  of
n -he  f o u r — g i n -n - n -o n-n - n- p l a t t o rn - mi  mn -yn - . an - n - n - i n - s, n - an n-n-edition to n-ire p n-n-n - n - n - — o n - n -  error cr-n -r n -n -n -—
n -n - c r i s t i c s  n-n- n-n- cu the n-mn ,n -tl og- ’-t o— mn- n -n - g i t a l  n - o n - n y c - r n - a r  e r r o r s , n- ,.. n - n - n or - —ce rn - n - n -
a t t i t a n - i n - n -  l m n i o r u s n - n- ’ m r o n - n  n - in - n o I s y .  I Io r cn -n - -vn -r , while n-n - tn- a fIn - S n - a s  “ a n - I — n - n - n - n - n - n - -n- n -re ”
capab  ility , n - en -- r u n - n - i c y  is c o n - n - p r - o n - n - n - s n - u  .iu r ing  “over the top ” cor . cn -n -n -  on-ins sn -u ch
as cr -c u r  in dog f t g m n - t s .

B an - en -u up - on -n n -b c .  ,‘un -n -iove c on - n - n - n -’i n - l e r - n - n - n - i n - n - n - s, i t  Wn -’ n - n-i n - n - n - n - n - n - I  n -h a n -  n - n - n - r n - e n -  a SCAP
s n - o n - l u  bin- U n - C e -  f in  t n - a n -  An-tn- C O n - l f 1 n -n - n - n - d n - _m n - n - n -  or aim P n - n - n - i t n - n - t n - n - / P , n - t i n - -n-n- cin -n -_ In -n- an - n -n- In-n-In-cr

should be c o n f n - n - g u u n - n - d  n -u  n-~~ov~ m m ’ n - n -n - ru n - n - t h in - n - n -n-I , d er - l v r - c .  :en-~n-’ n-- a ’me n -  In - c -u n - ,  1.-In-
n-tt ftn-Ja m n - n - n - m a L r e m e n L s .  I . m c n -  i n - r r : . n - r  n - i p p r O O C . n -  was sc- In - em -n -en -, based upon in-s
n - . a n- n - n - m r i o r -  n - n - n c i c i n - n - n - c n - i  p e n - n - lo ra n-n - n - r e - n -  n -n - rn -c .  n -pour n-I’n-~ av n - n - n - I n - n - i , ,n- ,t in -y  of a n -u i -n -n e
3.11 f o r  An -n - S f i n - a n - P t  n-n-n-n-n- n-n- n- on-n- a r n - c — c r - n - -n- cons n-n-. g mn- n - sn-ent basis  n - - n- r n -n -n -a I r ed  ir n-bc.
.mc n - n - :run - n - .n - n -n- .n-n- n- S n -  n - n - n - n - n - n - c t  of l an - a .  n - in - w O n - .,., , tun e c a p o n -n -. n - it y  on -I un - n - t i n - - n -  an An--in-n - in-. in-t ee
o~ n - n - -re 5Gb.? n-s p r oV n -n -c. n-, mn- n - n - n - the ATS s o f t w a re  as a n - un - n - n - a n - n - - n - n-. sn -n -sl gn n -n -po rn -n - ca n -.

Se -n- - en - a l  n - n - u n - r o a n - n - n - e s  to the, s n - n - r . n - c n - — n - o — f n - j n - cn - r  c o o n - n - i n n - n - n -  n - r n - :n - s f~~-n - n - a , n - n - r n-
n - o n - n - n - n - n - c -  n -n -re ~ vn -u i n-n- n-n- ., n -n - u n- n - n - n - n - _ n - n - i n - n -n- n -n E n - in - n - n -n- an gin -n -  n - Cp r - - e a -_ n - n - n - n - n - n -n -n -n -n -n -n -n- a d r : o c n - n -n - on
co sn -an -C n- n - -n - n - r - c - S O n - n - n - n - i O f l  n - n - -.s a n - n - d n - cr n -n - .or ,  n-tn -p -ran -cnn -an - . n- - n - n -. Tune c r_n- t in- rn-mn-on
r e p r n -~~n - mn -’ n - c n - n - c n - n - n - r  W , in -n - s c i o n -n - c - a  i r en -ause  it provided  an-n - a l l — r n - t n - n - t n - i c c  c a pabn - i n -ty
n-omn -sis :n--,n- n- w In - n - n - n - n e  n - n - n - r~~n - . n-~~n - i r -  n- n- . r n -~~t~~~~~~~ env n-u , r c- n -mmn -n -n-n- n- w i n - n - u -n - n - n - n-rn -do e ccmp lcn -:-rity .
T i n - n - i  c o o n - n - - n - n - n - n - t n -  t r , n - n - n s f r - r : n - n - n - in- n - o n -  n - s  n-n-n- cn- r . n-r l e te l y  n - r a n - i  n-n -len - l by four quotarurion
en - n - n -mn -n-n . n - - . P ~. on -n - n - n- oun- n-len -n -c .n - n - aro c ons t r a in -n - en -I  by a s u n - n -p lo equation which ,
w i n - o n  s n - n - n - i n - t n - n - n -, n - m n - n - n - i n - e s  .n - r c n n -n n - n -n - n - n - n - .ul i _ m t v .

- Atm n- n - n - n -  - - , n -  -‘ n - .  n - , \ n - ..  n- -‘  - - n- n- -

F I n - n - r n -  6 n-n- s,usn-r ,n-n-an- , n - n - - ,-. n- In -c ~in-n-n-n-n-, n- I u ’n - c l n - i r n - n -, F .o  n - n - n -n- e cn - , -, t _ j n --n- n - .  ‘n-l ine ran-ga

s t a n- c  n- - an - I~n - n - n - n - s  a n - n - .  n- n - n - - n - n - , r n - n - n - pc ’  n- .n- tn - o , On - n - n - t n - n - n - p e n -  -n - cce I sn - n - ’ -n-n- t n-n- o n-u a lo n -n -g n - n --ic-
I n - n - r e — o f — s i n - i n - n -  . n - n - x n - ’ n -n- n-n -rn -i n-n- .~~n- n- .n- n - S  n - n -n- n - n - r n -.- f i n - n - e r -  n - r n -  r n - i n - n - n - n - s u n - n - n - ,  range ann-
at t a c h - ,er e n - e n - n -- rn - i t s - n -n-n- n - n - -  o r - r On - I  , , n - n n - n - n -  tire in - n - n - n - n - n -— o n - — n - m n - pi n - c .  Tin-c ‘n-an -n -n --.

T r a c k i n g  F i l t e r  u t i li z e s  n - . n - n - n -  t n - n - I n - n --n - 0 0 0 r u m i n - m , m n - n - n - n -  r n - n - n - e s  i n - ,  e l evat ion- ,  arn-d
n-n-averse in its dn -:n -ann i n-n- mod el. Tn-n-n-n-- iian-~ n - , n -  g a i n - r n - n -, 

~‘R’ 
are n-er,uu:oC in- .

r c -a l  t ime , n-n-an-mng ontm . n - C dn -u - n - n - n - n -  n - in - n - _ n - r e - n - n -~~inn- rates.

n - - l en - n - n - urea  n - n - n - m r _ a  n - s  p r o v n - o n - n - :  n -v n - n - n - c e - - n - u n - c m  s n - n - n - n - p t - n - of n - n - , n-, _ c n-,,n-a f:on- the
Sn-- n-P—I n-a n -ge r e g i s t e r- .  F ,  n- fl  n- ’ .iur ,,n - e n - n - -n - n - n - n - e n -n - n - n -- n - n - n -  tn -n - t n - n -- n - - .Pn-315 n-n- i,n in - In-er is n-n- n-n-n-
average a: n - I cur  n-sn-n-n- n-n- n- :.n-n-n- , n - C  rn -n -n - n - U n - n - o r . n - n n - a  n - n - n - n-i t - T n - n-

n-
n- - n -n -  n-n- -n- n-~~~~r-~~~~~~ ti n - n - n - S r- rn- .. n- n - .

The n-o~n - i c u n - n -j  is c on-n - n- - n - u n - n - C O  ‘n-n-n- v n - i n -  n - n - r o n - n cn - a n -n- t , n - , n -  r a r n -n- .n - n - n - n -n - n -n -a n-em-n- n-n-- ,n - n-n- n - n - n - n -n - n -n -- re
c-st t n - n - un - n - n - u rn -n - rn- n- n- nn - .-n - s n - n - rr - n -’n-m msalt. ‘ T n - n -’ n- n - n - n - n - n - t n - c l rn -n . e ‘ n- n - e r  s n - n - n - n - c -  v o n - n - n - n -n- n - n - .
n-rh n -n - n - .n - nn -n - i n -n y n-n- n- n - n - n - n - r n - n - ;  1 . 0  n-n--~~n-~n - n - n -n- - n- n-n- n-. m n - n - n - n - n -, n - n -c- n-Idlin g .-, i n - sn - :mls an -mn - I  n - n - n - n - n - n -  : esiou ,n -n -ll,
mult iplied by tun a 3 X I n-- n - i A n - n - am -  n - n - I n - n  n-c-c t — n - .  ‘11, - i n-. ,rrocess is n-- n -ip cn -n - n - t n - d
ev.:’ry 1/Id second n- n - I- n - I n - r n- n - n - n - n - c  n - a c n - n - nn- m- . n -  n - un - n- - e - . n - a . n - g e  n -un n - n -  e n - n - i n - n - n - n - n -C targe t
LIn- P r u n - e s  n - n - rn -u n - n - n - n - n - in- n - n - n - c - mm r a n - A n - n -  Sn - . g -.n - .n - n - -- n - n - — n - n - Q i ,sn -  r o n - n - i o .

- - ~~~~~~~~~~ , ‘ -~~ n-. -’-~~~~~~ -.
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2.5 IS DISn -E C TOR SIGHT E QUAT iON S

The basic principles of the ATS director sight equations are illustrated
in Figure 7. There are four basic computations involved : 1) the time—of—
fli ght (T F) con-n-n-pat ation ; 2) the future bullet position computation ; 3) the
n-un -o re target position computation; and 4) the pipper (sight reticle)
position computation. A summ ary of these computations , their inputs and
their interface with each other are presented in Figure 8. Each computation
is considered in detail in the In-ollowing subsections.
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Sn-n- n- c- i  Gin -v i~~ n - , n - i o i

— -

n- n - n -  O n -n - n -  n - n - n -j n - , , (  n - n - n - ’  ~ n - ,  - n - n -  to A- n - n - ,
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5. n - n - n - n - n --of  n - i n - n -  n - n -  n - n - u u t a t n -I un-n

T n - n - n -- n- t n - .n-m, n- n - j n - n - . I n - )  n - ’o mn -nm. -n- a n - i o n  u n - a n - ,  in Fi n- un -a -S is b e v e l— n -e d  n- n-n-
un - I n-,n- .,n- n-n- n-n- ‘n - , . -, o n - n- n- n- n- . n - t I n - a n - n -  In- .  5 n-n-n-, n- on c - n - n - n - n - n - n - i n - n -  n -n -n - n-n-, ’n-p n- cn- n -- n -’n - n - n - , n - n - e  a cu n -n : l a ,n -
f o r  n-n- n - c - n - n - n - n - e n -  i n - n - n - n - n -  t n - n -  n- n - u t n - g e  In - n - n - - n - ’ , En -n- -n- n - n - In -sn - ( I ) , n-n- n-n -n- n- n - r o n -a n - n - t n - n -  n - n - c u r e
b u t n - .n-.’t  rn- r mn , , n- D n - : n - ,  u i

n- n - n - o n - n - n - ) ,  n - m n - n -  n - .n - h n - n- n-- C n - .V n - r um n-, s- :.n -n - n - n - n - u n c - n -~~n - n - I v  f o r  T F.
Th e cc - s u m - n - n p  ~n- , n - r n - i n - n - a t i c  e n - - - n - n - n - n  ,n-~~ n - m n - i c -n - n - ,  ic --n - n-n-n-- n-- v n - n - n - lu g  the n- on -n -n -n -at , a
f o r - s n - a n - n - n -  w n - n - n - n-bc n-n -n -ui n - n - n -  n - o r -n- n- n--i n-~n -p n - a .  va in -n -n -  n-n- n-I Il y .  ,‘h n- n - n - n - n - . l n - s t i c  n - n - c t Ic - Q n - d n -n - n - i n - ,  ., n- en -  t n-n-  e - n - , n - n - n -~ n - I. . n -re I n - n - n - I n - n - n -n- rn -n-n-ge un -n -n -n - ,  a o n - n - In - n - n - sn - I n - o n - n - i n-
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v e l o cit y  over n-n - t n - n -n- n - n - c n -n - . n - n - _ n - , . n -  n - f  n - n - n - c  n - i n - n -  -n -n -n - n - t n - C f lV i n - n - n - n - n - n - Cn - n - n - .  I fxe - ep n -n -, cn- n -n -n -n - occur
an -  h r  g i n -  o p -n -n - i n n -  r ange  m n - n - n - n - e s .  An-n - - ,o a n - t n - .-orn- ,m t  check n-n n - n - n c - n - n - n - n - n -  In- n-n- n- n- r - n - n -, n - n - n - rcn -n-a
to n - n - n - con - n -n -  n - n - i n - n -  “ .in - n - &n -n-n- n - n - p c ’ n - n - n - c t  n - c f l n -  n - o n - n - d i n - n - n --n -rn - n - . In n - n - n - n - S  n - n - n - n - n - n - n -  n-n -n - / n - n - n - n - n - n - i n - n - O r ,,
n- n - c - n - i n - t.. n- n-n-n- : n-n- . n - ’ n - n - n -~~~~ n-n- n -5 n -n- f  ) n - n - n - -.n- . n - . J n - n -  Iv t I n - n -. n - n - e n - n - n - n - n - v t  of n -in -n -n - n - n - m n - p c  n - n - n - n - n -  an -n - c ,
as a r n - n - n - n - I t, the n- . n-n- J~~ n- n - , n - t . n -,n- n - n - n -n - n - n - t n - n -n - n - n - f o r  : n - n - n - n - n - n - n - n - n -  n- u a II:near n-n-r n-n-n - n - n - n - n - n - n - t o r n -.
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where n - ,~ is n - rn - n - ballistic drag coefficient described above with the TF
ca lcn -n - i at io r i. This denominator  term (l+KBTF) accounts for drag retardation
n -on - ce acting on the bullet.

2.5.3 Future Target Position Computation

The predicted future target position (TF seconds from the present) is
ban-c-n-n- primarily on target state estimates from the Range and Angle Tracking
Filters and ADC outputs of airspeed , angle—of—attack and sideslip angle.
Since the filter state estimates are with respect to the sensor location ,
the small velocity due to body rates acting at the sensor location is also
included for completeness. Sensitivity analyses conducted in conjunction
with the complete ACn-FCS design phase may indicate that the effect of
neglecting the velocity due to body rates at the gun muzzle and sensor
locat ions  wil l  cause l i t t l e  error  in the pipper position computation .
This would permit neglecting these velocities in computing the future bullet
and target positions. The terms are included in the ATS design for
completeness. The predicted target position due to the filter states alone
is computed in filter coordinates and then transformed to body coordinates .
Then, the airspeed resolved into body coordinates , velocity due to body
rates at the sensor location and the sensor location are accounted for in
computing the future target position with respect to the attacker center of
gravity (CC).

2.5.4 Pipper Position Computation

The displacement of the future target position with respecn- to the
future bullet position , each referenced to the attacker CC, is first
computed. This displacement , the predicted bullet miss distance , is
transformed to gunline coordinates , and the components normal to the gun
muzzle are computed. These components divided by bullet range give the
mingles through which the gun must be rotated to zero the predicted miss
distance. These angles, called the command gun error angles, are subtracted
from the target LOS angles , estimated by the Range and Angle Tracking
in-li ters , to compute the pipper position. The subtraction of the command
gun error angles accounts for the proper sign convention in displaying the
pip-per with respect to  ti-n - c LO C .  Assuming the utilization of a HUD f o r  ATS
flight test , the cipper n-n-lTD pos i t ion  compu ta t i on  uses the angle between
n-he HUD centerline and the body X am-mis to transform from body coordinates
to SÜD coordinates. The lead angles are the angles of the pipper with
respect to the gun-h un -c- .

2 .6 n -\TS E Rn - in - n - R CU DGn - IT

Tn-ne ATS error n - n - u n - - n - o n -  is d eveloped in Section 1 in c o n -n - ju n c t i o n  w i t h  AT S
sensor u s n - ode i in n -n -, e r r o r  a n n - T n - - n--A s and p e r f o r m a n c e  s e n s i t i v i ty  s t u d i e s .  E r r o r
b u n - S n - s e t  ronr;in-n -a rat ion n - for each of t in - c -  p r n - n c ipal ha rdware  subsystems are
n - -n - m. n - ’n - n - ’n - a r j zn - n -n-j in the n-

n- oll ow in -n -n- n- (n- n-n-ragraphs.
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2 . 6 . 1  i\. n - un d e  en-sec I n - ’r n -n - n- budget

Tn - n -c selected ATS rn - n - un -I . e sen-son- design is ln -n-n - n - n - n - c a l l y  n-n- mn- ac - apr - n - n -n - i o n  or n-n-

len - en - n - n -n- F . l e c t r’ic Sol id S t a t e  h a n - n - e — O n T m ’,n- Radar (SSR—1) n-ieveiopnent. Tn -n -c- In -n--n-
hI story of the use of radar i n - n -  e r r — t o — a i r  comb at  cond i t ions  eri c. of n - l ie  n-Csi n-n-

n - u n - n - i  t n - i n - t i n - n - n -  n-n - x~n - e r a n - n -n- n - n - n - n -n-i on -’ ( c - r n - n -n- n - n - n - n- I l l e ct r i c  Company in -as n-- u± s n -r l t n - d  in-. tn -n - c

selec ti on - n - of n-he cn -rn -t icipa t n-n--c n - v a n - n - rn - i s of  the SE E — I ’s e r r-u :  n--n- - on - r n - n - n -s as n- in -c ATE
range  n - e n - n - o r’ n-n-n- error n- ’n - n -n -n - n - n -n -,n-~n-~ These error  sources n -nd n - n - n - c  in - v ,n -n - Ij~~s n-a n- n-n-n-
tahul aten-n- in- Section -n I ( T n - i n - n - I a  10) . n- -In-Ic-fly summarizing this error n-n-n- -n - n - S c o t :
I) b i n - n - s  errors should be less t n - a n -  40 feet ( lo ) win-c appropriate coo-n--en--
san - ion  fo r  r e c e i v e r  t n - n - n - C  s n - n - I n - n -  n - n - m -n -’n-il in -n -v er r c~n- .n - t n - s h n -n- n-’n -  n - a n - g e ;  2 : s h or : —r ;n -n -, n - e
( lc-ss  tn - m n - n - n  6000 f e e t )  n - n - n - un - u n - n -- . n - n - n -’n-ors should he less n-ba rn - IS f e e t /’seccn- n-n-n- ( T n - n - In- ’,

and 3) long—run -n-ge (24,000 feet) random errors sn-ion -h i he less than tI l l  feet
(in-)

Ye rn -n- ommance and en-shn - ivn -n - ’,’ analyses in-ave in-n-dicatea n-In-at t in-n- :n-TS r an -n -p c
sensor e r ror  u n - e n - s o n -  m ; n - m n - n - n - un - n - dn - i Zen - .  above , in c o r n - m n - i n - n - a n - n - o n  mn -i ti-i the ATE Ka I mn -n -n -’n - :n - ‘1R. n -n g e  I r a n - n - i n - n -n- F I l L - c - n -’ n - m n - m m  4— sa n -n -n -r n - I c -  o n - e n -n - l i t e r - i n - n - n -n - .  shoulo r e su l t  n - un-  range
n-racn-inn- accuracies wh ich meet n-air—n -c—air system o e n-f or r ,n-n- mn- -n-e r e c.c n - n - n - I r an - n - e r - n -s.
As determined by the -n-I’S s e rn - s l t iv in - v  a n a l y s i s, the e f fe c t  of den -ran - cc -u  ror .n -n -
sn -n - rn- n - n - or  eerIer-n-n-anon-n-’ ocr loon- of rn-n -nun -on-i rmn-en-n-sured—rarn -gn- u r n - r n - n -  n - n - :  0 . 22  f e e t
of es n -n - st a d  n - n - m n - g o ;  3 .36  f ae t /s e- n -n -n a  of est:n-~~t e d  n -n -n -g e  r n - n - n - u ;  n-s n-n c 0 .2  f e c - n - I
~eoo n -n -dn - of c - s t i r - n - n - m n - e d  range n - m c c c n - n - n -n- n - i n - n - o n .  The a f f e ct  on-i :n-c n- n-n- n- hn - n -a n-n- e rror  is
to: I)  n-n-n-las the n-n -istn -n -n - ,n -u tn-ed rn-,un- n-, cy n-n-n on-n-al arn-n- um n t ;  an -n -n-i 2) bias n - In -u c - s n - I n - n - n - n - c u
rn -n - l n - n - r - n -,v - n- v e lo c it ’-’ n-n- oc n - n - , ,n - I  to t he  CC-n- in the Angie Tr-n-icKlrn-g Fu n-er by an n-noun-n-n-
p r o p o rt I o n al  to tn -c- n -n -C- S  rate.

2 . 6 . 2  Atn - . A~ n- n-n-son - n - In - n - or B u n - i n - e n -

in con-p-urn-son to tu n e range sensor tin-c ATS angle sensor Is n-n- the early
sn- n-n-n-- n- of its deve lop -un -c -n t. For t h u s  n-en-n-sn-n-rn-,, un-m a -y of its p. n - r n - o n - n - n - i  n-n- n -n -ro n -
s o n - n - r e - e n - n -  n - ma - n - c  not beer, n-n- un - n - n - n - t i n - Tn - e n - n -  and , conversel- n- n- , th ose  Cn-sror soun-sces wn-ic:n-
have bc -en n - a r , t i f i e d  anal y t i c a l ly  n -ma y n -n ot be si g n - . i f n - c a n n -  con -n - t n - m u o n - n - n - c r - n -  to t h e
overall error budget. For example , error contr ibn-,n- n- n-n-cs n-- In -n - n - un n -n -n -’,u n- ‘n-can -n
qi n-an : n-fieC n -n n -n -,I n n - t n - c a i J ,v n - r n - n - tra m— n -np ‘n- n- cAn-c r eceiven -’ n -n - c i s c  ann-I un -n-n-c m n - o n - n - n - r n - c  -

n-

noise. However , an n-n - n -n - u tysis pr-osen-t~ d in Section- 4 un -n -dIn -n -tea than- tI-n-n-se two -t
noise sources in c o m b i n a t i o n  w i l l ,  no t  n-n -xceed the  e f f e c t  of a gl in t  en -n -n - o r  of
o n ly  0.5 f e e t .  G i n - n - n -  e r ro r is d , - f l r , e n - I  T m - n - r e  as n -b c  d n - s n - n - t n - n -c n -n -n -n -n - er n -n - ‘n- an-seen-n-
mn - - n - n - s n - r e d  c o n t r a s t  c c n - n t r o i n - m  an-n-u tn -n - C target ’s center of n-rn-laity. C e - n - t m - n - a n -In - n - I n - c -
se l e c t e d  ATS ang le  s e -n - s n - n - n -, tn-he Pn-ASD AS-COT, n-s spe ci fl-n -n - n - l lv -..n - n - n - s n - n -n-’ r.n-n- n-n- to n - n - n - n - n -n-n--
n - I n - n -n-n - gin-n-n -n - error , :ts n- rf n-n- n - n - t n - r e  in - n -  n- n - n - i s  rn -- n -n -pact n-n-as n -n - - in- been n-n- n - n - a n n - n - f  n - e n
ann-I I t  Is r e - a s o r n - u n - I n -- n - n -  c-x n-n - n - ct g i n - n - :  er -n -or n - rn -  n - n - X O c - 5 5  or’ .5 fee:, 1-:,

7 n - e s e  c o n - s i n - e n - n -n- ions  n - n - n - n - n - c  n- n- n -n -n -n - n- n-n-n - n - -n - n - n - n -n- n - n -  n - l n - e .  n - - i a n - ,  f r-n- n-’ n-n - n-j n- ,n- t n - , 3 n -n-n- n-~~ n - n - n - n - n - :  n- n -n -n -n -n -

f n - i n - n - b n -t n - n -n- n - n - t  n- n - x n - n - ’ n - n -  n- n - e n - n -,,,m In- n- n - n -n- ’ , n - t m u n - m n - t o n - n -  of ,n -SCOT o n - r o n -  n-n- n - n - n - r n - e n -  n - n - n - n - n - n- n - a n -n - c -

i n - i  ma c o n s e r v a t i v e  desI gn -’. n - n - n - iO\’  n - n -  n- sn - n - ATE An - n -g t e  ‘I n - u n - n - n - n - n -n-s n- F i I t : n - n -n- u e , , :n -n - n - .. n - T n - n - n - i

n- r n - n -Y i n - i n - n - n -en - s  n - n - u n- t h e  -n- n-n- n - n - i c -  Trn -n - cn - in g F i l t e r  n - n - n - i -n-n- n-’ been n- n - n - - l e r  n- en-n-i n-- n-s t i ne  n - n - n - s n - s  of
- n- n-n-’ n- n- ’ ’ e - n - n - n - n - L  n - mt - - mn- t r a c k i n g  iOn - n- -n -en - Ion -rn -an n- c- n -n -n - n - n - . n-n -t n-n-leo: c a n - i  n - n - n - n- er- t a n - r n -  sn - n - n -n-n- n- —

0 / — C _ I n - n - — n - n - I  n - n - n - c -n- n - n - n - n - n -n- n-? o n -  n - n - n -, n - c - n - en - n - -o n -’ n- n -on -Se. ~in- n- n-e n- n -n -n -rn -n - en - ’, tn - n - n-? n- n-n - , ,~~ , n - n - n -n- l n -n-

“n-n-sun - n - n - m n -- n- n - n -  I n - n - m a - n - e n -  wan -n - n- n- n - n - r n - h I m - i n - e n - n -  as .n-n n - m n - :,n-n- b n - n - n - n -’,n-, un - n - n - n - r n - en - tn - an - n - I c - r n - . n - n - cn - . :e—
n - n - t n - n -n-n- I n - n - n -n - r a m s .  n - I .e e r r - n- n- ’ b n - n - n - g e t  n- n - n - n - o n -n - I d  not  be i n - n - c r p - n - n -n- t e n - .  as n- u n -- s n - n- n - n - n - n-on -I

_ _  _ _ _  
___________ n-n-, n-~~~~~~~~~ - -



_ _ _ _ _ _ _ _ _ _ _ _ __ _ _ _ _ _ _  -_

out n-n- n-, n-n- n - n - n - n --n- rn -mn -n -n-in-n- acceptable design limitation. The angle sensor error budget
sc - l eon -n - n -n-i wa-n - tn - n - c - equivalent of 2 5  milliradians of random pointing error (lo)
at n-’u -an -xln -n -unn- firing range (3000 ft) and throughout the sensor ’s ope ra ting
field—of—view .

Performance and sensitivity analyses have indicated that the selected
ATS angle sensor error budget , in combination with the ATS Kalman Angle
Tracking Filter and 10—sample prefiltering , should result in angle tracking
accuracies which meet air—to—air attack system performance requirements.
As determined by the ATS sensitivity analysis the effect of degraded angle
sensor performance per milliradian of random error in measured pointing error
is: 0.6 feet of estimated pointing error; 2 feet/second of estimated rela— -

tive velocity normal to the LOS ; and 2.5 feet/second 2 of estimated target
acceleration normal to the LOS. H

2.6.3 SGAP Error Budget

The ATS SGAP error budget is presented in Section 4, Tables 11, 12 and
13 - Table 11 presents the rate—integrating gyro specifications , Tabl e 2
presents the accelerometer specifications and Table 13 presents the SGAP
analog—to—frequency converter specifications . Each of these specifications -

-

is representative of presently available medium—quality strapdown gyro! -n-
accelerometer packages . n-’

I

1
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SE CTION 3 ATS SUB SY STEM DESI GN AND i NTh i ’n-n -FA CE

3. 1 GENERAL

The principal AlE subsystem hardwn-re and software elements were I n - e n - n - n - —
fied in Figure 1. The subsystems selected for the ATS angle ser,scn-r n-rn-n-n- ran- n-n-n-
sensor  were the  Bendix  A c -r o n -n - a c e  Systems Division (BASD) ASCOT n-n -n -C- t he
General Elec tric (GE) SSR—l ron-n-ar, respective ly. Detailcn-a C-n-sn-gin an-n-cl op e r a —
tional features of the ASCOT are presented in VOLU~~ Ii , a s un-sn-in -n-cry oi
ASCOT ’s n-n-in-aracteristics and its n - c a i n - r n -  status is containe d in Subsection- 1.1.
Subsection 3.3 presents a summary of t i n - c -  S S R — l ’ s c h a r a c ter ist ics an -n - n-n- C-n - a l ga
s t a t us  wi th  a d e n-a i l e d  d e s c r i p t i o n  p r e s e n t e d  in VOLU1’~~ III . The Alt. -n- n -n -mp un - c’r
an - n - C - SGAP are considered in- Subsectn- un-n 3.4 w n - n - m c h  also presents  a d e n - n - n - n - I n - n -S n - o n - n - —
sideration of the i n - n - n - e n - I n - n - m e  of the sensor subsys tems wi th  the ATS con-çn-u :en-’.

3.2  ASCOT DE S I G N

3 . 2 . 1  Development  B a c k g r o u n d

The devel on -m en t  of  t im e  ASCOT was un - it in -n - c -d b y tn - ’n -~ n - S a r n - d u x  A C r O S C n -n -n - c
Sysn -c-un -un - D i v i s i o n - n -  (3ASD) as n - n - n - n -  n-,n d e p c nd ent  Sn - search and Iin-vc-lo pn -n-ent (Fn-Aj)
effort in -n - 1965. Govern-n-sn-on- : su p p o r t  was ob t a ined  in  late 1955 from n-he Coror.a n-

n-

L a b c n - a t o r n - e s  Ic- n-- n - i n - ,n- d c - v e In - n - o n - n - c - nc  of  two b r e a d b o a r d  ASCOT n - n - n - n - i t s. These n-n-in-C n - n -
were to be used in - n - n- l a b o r — n - cr y  and Iln-r I.c t es t  evaluat ion of  the In- a s u c  cn - n - r—
cepts . n - m n - I O u 7 , SAN D oi ’cn- v ’n - d e d n -r i o  Cu ida n -u ce  Tes t  V a i n - n - d c seeke rs n - n - n - C - c r  con— 

-
n-

t r a c t  f o r  e v a l u a t i o n- ,  in -n - the M on - n - n - i  n - n - n - A m — — t o — S u r f - n - n - c  Miss i le  (fn -Sn -’i) e n - o n - n - r a n - m n -.

The basIc ASCOT W n-jn-n- subsean-ienn- i n -,’ rn -n -ou r , fled for- n-n -on -h n -in -—to—air n-’n-re caum—
tro l and a i r— tn- n-n - — a n - r  m i s s i l e  app l i c a t i on - s .  In 1,69— 1970 r m , e  n-n-co ’: sv s t n - n - - n - n - .  v -n-a0 ~ n-n

-

selected for use in an exp t n - r n - t o r n -  n-n-cveTh’n-n-nen run- n - - n - ra n - n -  at t n - m e  Na n - n - a , Tn - n - an - cn n -
C c - n - n - n - e r, C h i n a  LaKe , f o r  p e n - c n n - i n - I  use in a n - h ar t  n- -n -an -n -ge We a po n - n - un  C o r n - t n - n -I Sw a n - e m .
The system w a s  r e c o n f n - ,; n - m n --n -d to f i t  tn an e x i s t i n g  E t n - i n- - n - m c n - n - n - d er- pod an-id n - c - sn - n- n-
flown in 1970 wi n -h e n - c o n - n - r a n - n - n - p  res’n - n - n - n -n - s .  En i n- i n - n - a o r i n g  moO n - , n - i n - n - a t u u n - n~ were  rn-n -dc.
under a BASO n - I n - A t )  p r - o n - n - -n- rn- in 1971. II ’.- — -n - ve r t e s t s , p e r f o r m e d n - rn - a l o c a l  n-i n-
n - u c l a , i n - n -,: c a n - n -n -n - i i n -u n - ero v e cn -  n- mn - mn -n - n - -n - n - n - m g  n- n - n - n - n - n - rI: r n-sn- n - n - n - n - c e .  The n- n - S C m ) ’,’ mn- n-ms sele ctecn- f u n -’
compara t ive  t e s t  ar-S n-n - v a I ’n-, , n - t  ton b y tn - m e n-. A VYT ,—n - u n-I ’i at P t .  I I g n - . T n - n - u  ob j n -- c n - n - v es
u n - f  th i s  p r - o n - n - n - m a  yen -c-  n - c ,n - ,n - t n -- rn-” n- n-n - n-n- 1II ’n - C- n- ’n- n - , n - u n n - m i d m n -n-n -e 110 s e a n - c e r n -  In -m r n-n- n - n - n - n -  N a n -n-” ,’

AG iLE p r o n - n - c r a n -r n - .  TIn - c A n - CO n- svs:n --a wn -n - n- n - mn- n- s in - .e r ed  n - a  be  n -un -a of rn --n - e n- n- n- n --her - n-er—
fortr an -ron -n- s n - i n - t e n - n - ,  by t n - - n - n -- - ) n -n -mVI’ I i SCEN t e s t  pers o n n e l .

n - n - n -  n - n - n - a  t n - n - n -n- o n -  sn - n - In - n - rn - ian - n -n-or t n - n - n - n -  n -T n - n -n - , n- n- n - ,-A , .n-n -I n- n-n- n - c n - n -e-n-n- -.n - n -n - - r n -n -o n - n - n - n - n-L , n - 5 C n - n -V -~

fabrica teu , ex n - n -’ n - r i n - -,n- ,n - a : n - m n- s n - m n - n - s n - n -n - t e r n . The A n - n - .  n - n - n -n- n - in - n - in- d o n - i n - n - n -  j D n - n -,n- n -n -e n -- n -r n - si n - , n -n - c n-n
some d o n - i  n-n - n-n -n- n - n - n - n - n -

n-
n- C - n - t i  n - n - n - n - n - n -  in-c in -n - c  c a - n - r n - r n - o n - m e n - t n - n -i AS n-An-uI sysn-n-n- rn-s n-n -o tlm n - o r -  n - I n - n -  m n - n - r —

pose of p e r - I n - r n - n - n - n - n - - n -n- irn -p i’.’- n - ’n- - .s, cn --.-. ’n -s and n - c r i n n - n - n - n - f a c e  n- on -n-n -pa n - n - itn - n - I n - n - n - n - n -  w n - t , n -  n- n - n - n - AIl S
n - n - o n - p u t e n -, .e .  , wi th tn - n - c- AA — n- n-

n-
- n - n -  n - i e- T m - n - n - n - -n - i n - n -p T’ n - . n - t e r .  in -  n - n - n - n - i  ian- I ma _ n - n -n- t n - n -n- ‘n - n - n -n-

ASCOT dc - sn - rn -a , n - n - c -  n - n - S D  I T-C-n-n- ~n- n-’ n-n-~n - n - n - n - :  - n - n - n - t i n - n -mn - eu  t he  m on - vei n -u n -n -n -r n -n- n - C  tn-n -n - COT f e - n-
n - n - c r i — r . n - n g n -’ , ai r — t o — n - n - n - n -  rn -isa:  n- En - n - I n - c -  licatn -on -s - ‘ ‘n -h i s  n - n - c - s n - n - n - n -  c:’fo:’n- pm ovn-oed

c r o s s — f a r - n - n - i  I z a t n - u n -, n - n - n - w u t h  t . n - n -  .n-’I S den - n -i~n -n -n - n - mn - a lea to the . n - n - c h n - s u o n - n -  on-i n - n - n - n -e n - n - n -I
ac-vanced n- a . n-tu r e s  not n - n - n -  n - n - -n -n - o r n - p i u n n - a,n- n -mn -COT n - n - X p c n -uun -n - n -n - n - c n - mi s n- st e : , .
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The ATS ASCOT fligh t system can be fabricated , assembled , and tested by
the BASD Engineering Laboratory with support from the Experimental Machine
Shop for mechanical parts and the Environmental Test Laboratory for environ-
mental testing . Figure 10 presents the flight system plan and schedule. The
following paragraphs briefly describe each line item:

o Image Dissector Procurement — This tube supplied by ITT , Fort Wayne ,
Indian a, is the only significantly long lead item to be procured.
ITT quotes 120 days fo r  delivery . Earlier  procurement of this i tem
could reduce the total ASCOT schedule time required from five to four
months .

o Electroni c Par t s  Procurement — None of these par ts  selected for  the
flight system have s igni f icant  lead time . Most of them are expected
to be 4—6 weeks for delivery . A production design incorporating high
reliability parts would require a much longer lead time .

o n-Mech anical Parts Fab rication and Assemb ly — This is the fabrication
and assemb ly of the housings and associated bracketry for the sn-n-nsor
and electronics assemblies . This work would be performed in the
Experimental  Machine Shop.

o Electronics Assemb ly — This is the wiring and assemb ly of the elec-
tronics circuit boards by the technicians in the Engineering Labora-
tory . These technicians are completely familiar with ASCOT and can
perform this work with a minimum of documentation and supervision .

o Electronics Checkout — As the individual circuits  are comp leted they
wil l  be tested. Formalized test procedures will be used and all
test data will be documented.

o Assemb ly and Checkout — Dur ing  th i s  t im e  per iod , the sensor and eI~~n - —
tronics processor will be completely assembled and performance cc-sn-n-eu.
A substitute image dissector tube from the existing ASCOT breadboard
hardware will be used until the tub e ordered from ITT is available.
Th is work wi l l  be performe d in the Eng ineering Labora tory .

o Environmental  Tests — Although experience has shown that  ASCOT s h o u l d
not have i n - f l i g h t environmental  prob lems , the f l igh t system ha r dware
should be subjec ted  to environmental  t e s t i ng  to insure its f l i g h t —
worthiness. Tests will include vibration , temperature and pressure ,
the latter being for the sensor assembly o n - n - l w .  S p e c i f i c  test lImits
cannot be establishea until n-he test aircraft has  been s e l e c t e d  n -n -n - S
the complete test ern-vn-lronnermt has bee n-n- Ca In -n -n od. In-in-eec tests w:_l be
conducted in the Environmental Test Lab cn-mato rv.

0 I m n n - l  n-hen-In-out n-an n -n - Daliven -n-.’ — Tin-is will be tn-ne comp lete performance
tes ts to he conducted on tine system as a final acceptance for
delivery .

~~~ IIn- n - n -  n-~~~ n-~~~ n - - , _ n - -~~ n-m n-n- n- . ~~ ---~~~ -



Months after Go’Ahea d
1 2 -

Im age On -n-sec t or Procurement ..,. , ,........ I 
-

Electronic Parts Procurement .. , ,. . ... . , ,_ ,  n- 
- -

Mecnn-nicai Parts Fabrn -ca tuon n-rn -C Assemb ly. ... .. ~~~~ n- -

Electronics Assembly, .,_ ,, .,,,, ,,_ ,_ _ 
_____________________

Electron ics ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ‘ -

Assemb ly and Checkout 
_______

Envrronmen tal Tests ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ,~_......... ... -. .- ... n- ... -..... _____

rn- n - u n - a l  Checkout and Delivery.,. ,...,... .. . .  .

F~C’JRE 10
ASCOT F L I G H T  SYSTEM S C H E D U L E

1.2  An -COT D e s c r i p t i o n

t h e  An -C O T  co nsl sn -n - n - n - f  two hardware u n - n - i n - s n -  n-he An -n- S ASCOT Sensor Assn-n -n -ncn-n-y
and Elec tron-n-in-s Assc.n -n-bi~~. Tv o—view n - I n - mn - u n-c- d rawings  of each of these n-n-ni t- ;
n-re in c I n -  urn -ed as Figure t n-n - . Also  presentecn -  in F igure  11 are relevar .c in - n - s n - n - I —
l a t ion da ta .  These  n - n - n - i t s  do not  r e fl e c t  mount in g provisions since these n-n -n -n-
bc desig ned fo r  t i n - c - s n - 3 e c i f i c  a ir c r a f t  selected for  f l i g ht  t est~~op; han-ever
the ad u it i o n a l  wei ght  rn-n -ill be n - n - i n - n - i n n - a l .  Sys tem r n - u o u n t i n - n -p r e s t r i c t i o n-s  arc ap—

n- l i cab le to a n - n - c n - ’ a f t f s e r n - e o r -  I n - o l d — o f — v i e w  requirements only .  Thus thcn- il-I-

senso r lens lo ca t n - o n -n -  n- n- n-n -ill be tin - c- orn- 1’- s i p n li i c a m n n- i n s ta l l a t ion  n - n - n - e n - i n -  wIn-in-rn-
n-mn - s t be n - n - n - n - n - n - i a n -n - ad . N c r - r n -n-I  access wi l l  be provided for  n -n -n - a in t am . anc a  a c t i on -n - s .

ASCOT i n p u t s  and o u t p u t s  n-re handled through spec ia l  i n t e r f a c e  cu r - c u t s
t h a t  I n t e r c o n n e c t  to tin - c ITS s y s tem  i n -n - n - c -n - f a c e. I n - n - n - n - t n -  inn -ian -cc  cn -nn -n -n -n-n-nc s fr an - n -
n-he ATS ccn- rn -n -mu ter, n -n - C n - n - I n - n -  n -mn - S p a r a m e t e r  c h u r n - n -n - s  Iron -n-n- the ASCOT contro l in -an -el .
‘mn -he o n - n - C u t e  are s i n - mn - a l a n -  c e r n - n - n - i n - ed f o r  t o n - a l  sys tem o p e r a t i o n  an-n- n-n- signc.Is for
tes t recording. Interfaces have  been designed n-c rn-- n - u n - c  as n -n - elm as o n - s n - n - n - o l e
any sys tem pn - n - n - b t e n - n - n -~ , such n-n-s grouna loops an-n-S noise pick un-, tha t genern-It :n-
00Cr- n-’ in- system in - n t n - n -rc n - n -n - n-nn-n- ct ion. Tn -n -is un- as n - r eemt n-one b y using d n-n-. ffern - n - n - .n - in-aI
In-n--n-tn - nn-.d n - n - a t pn - n -n - s on- n - I l  s t n -n - a l  n-n- r n - n - e n -’n -’n - n - n - ce s .  This  provi des for svs n -en -n -n - c on-n--
m en -n-ion s n-n -n -tin -out n - n - a c i m n - , n - n - p . . n -r. su n-n-n-n --n - n - n-n-ounc e. The ‘n-s e n - n - s n - n - u e t n - n - en-n-n- . n-n-n -n - n - n - n - n - n - C
en - s m n-s for un - n - t er - ccn -n -n -n ec ti cn -n -n n - n - n - n -n - s e n - v  re n-n- n - n - n - c - n - n- Oi~~c. an-Ickup on-’ sn - n - s t e m  i n - n - e n - n - n - n - n - n - an--
n - i o n - s . Por n- t in - c -  g ai n -n -  n - . n - n - n - n -  t n - i c : n - n - r , c c -  n- , n - n - n - n - , n - n -,n- , , n - . n-n - n -n - I l  n - n - . n - n - r n - nn-n- t f n - n - n - c t n - n - n - n -s n-n- n- n-,

n- ’-y i t c .n- c- n-i m n - s u n - n - p  r e m a n - n - n -  - ‘n - In - n - n -  a u I n - n - n - l a n - n - c  Cin - ’ n- m n - . n - n -  n - r n - -n-n-n- n - n - .  n - n - r a n - n -  prou:n- n-i

n - n - o n - -n - n -n - .  A l l  the re i - n - y n -- - n-n- n-n- n- r n - t n -  n--rn - - n - m n - n - - n - n - n - n -  . n - n - , r n - n - n - i f :  + 2 n -  a DO an-n - C a i r c n - n - n - n -  n - n - n - .  n - n - n --n- .

Sc - y e n - n - n - of t ,~ n- A n - i~~n-ia n - n n - n - n - - t s  n - i n - n - n-n- , n - n -  n - n - r n - n - n - n - n -n- . ng  cn - rc n -~~: pair- n- n-n -n- . n - n - n - n - n - n - s n - n—
olds ‘e n-. r n - o n - n - n -  n- in- n-n- ,‘.en -n -n - n-n-i - n - c  un -n -p n- ) n -n - r tt n - I n -  n - n - n - n -, i n - n - n -  CXn-n-n-n-n-n-je pn -n-m :n n - n - n - n - :- , :n- n-n n-Sn-n-n-
n - r n -n -cm -in - p arn-d s n - n - n - n - — C  n - n - n -n-n- n - n - n - n - n - t n - n - n - i  i n - n -n- -n - p - . O n - t n - n-n- ‘n--n- n - n - n - n - n - n - r o t  sn- -n -n -r n -n - n - n-n- n - n - T h  n - m n - n -n- ~n-n- n-
t r a c k t n - m r,n- n - n - n -  rn- -n-n-sc- n - an - u t .n - n-n -n - n - n - n - - n -. . m e - n - c - sn -  n - n - r n - n - n - u  n - n - - t n - n - n - n - s  r n - n - n -r e s e n t  n - n - n - r o n - n -. t5

~~1 

_ _ _



St rap
Clamp

3~~~~~~~~~~~1 
~~~~6 in,

-n-. 16.7 in. — -

Sensor Assembly

[ T f l
4,5 in , 7.6 25 in.

~~~~~~~~j~~~~~~~

n-

_ _ _ _  

H
H
_ _  _ _  

H
12n -562 i n n- .,n - i —  2 ,2 5 mn ,

13,7 5 in .

E lecin -rorncs Assemb iy

Weight 12.2 lb

Dimensions
Sensor Assembly 7 4  lb

Length 16.7 in.
Diameter 3.6 in ,

Electronics Assembly 4 ,8 lb
Length 12562 in ,
Width 2,250 in ,
Height 7,625 in ,

Cooling Air None

Pre ss uri j ati o n ( Sealed to

Operating Alt i tude Sea Leve l (

Power 50 W +28VDC

Mount ing Fr xe o

Operatung Temperature 0°C to 45°C

Mounting Provisions To be Determined

In sta fl at i on Data

FI GU R E  11
ATS ASCOT OUTLINE DRAWINGS AND INSTALLATION DATA G P , ~ O~~~ n- Sn-

43

‘

~

. ~-— — n- - - 



S

whose gan-ns or thresholds n-n -n-igtn -t rocn- uir n-n- n-nu n -n-n-c n - i n - n - r n - n g  I n - t n - m t  :~ st . The gains
and tn r e s h o i d s  have n - n - e o n  s c- l en -t e a  e~ ther th rough analysis or by expe r :n-n-e,n- n-a—
t i n-n-n . All  the se lec ted  values nay be changed during further laboratory
testing or f i n - a m - n - test. The electronics packaging design provides for mc-kin~
such changes in t Im e field.

3.2.2.1 ASCOT r p ’ n - t s  — The l i s t  o f ASCOT i c - pu n - s  is p rn -n -se. n ,n - en - n- l n -c. n-I n-In-u n- 1.

T~n - e r o  are two d u l l e r - e n -n -n- n - r o n - n - n - c  of n-n-put signals that are n-, n-n-p In- orn -n- t n-n -n - n-n - n - C t  II .

Tin-en -c- an -n -n - s_ gn a l s  f r o m  :n -me Al’s computer  an-a m n - n - n - -..n- I ai m--n-n- n-n- n-n-, . n -n - n - a n - i n - n - n - n - p n - n - t n - n - n -

described in-. the following paragraphs.

TAB~~I 
n-

n-

ASCOT iNPUTS

npu ts Funct ion vo itage Range Sca le ~actor

1 Track Discrete ITRKA T2 L Compatible H :  Search F le m a Detect ion i
Von-n-ge ; On-n” n- in- i n-S C

La. Searcr , Fie n-a De n - e n - n - n - n - on
- 

I 
n- 

Voltages 0 i n - c c n -  n- n ,ote d

2 Horiz . Pointing EVT SOC52n- ‘ - n -S to ‘5 VDC 3 333V n- n -- Pln-n-~ — R n - g n - t

Co m m a n d  -

n 

n Mn-nus — Len - n -

3 Ver t , Pom nting EVTSS C(3 1 n- n - n - tn -  n- n-/ D C  , O n - 3 3 3 V  
n- C

, ~~ O n- n-e n-n- n

Command I M n - n - n -n-n- on-p

4 Target Subtense EVTSOR O n - o S VJ C 24 : n - n - r n - V n - n - n - n - n -  -a V 123 n-n-n-

O V ’ C r’ n-

5 Stain-day! 
~

- T~ L O n - n - rn -  n - - n -n-i n- n - n - n - n -  n - i n - :  Sta n - n -c b y n-
Operate n- n -n - n - n - r n - n -  n- La: Operate

6 S ea n - n - h E w n - n - I  - Q pen - n - ’ I S V D n -., ‘28V n- tn -.I In- n - i —

Sen --r n - Can -un 54) n- 50

7 n - r , n - n -k ng n - on - ru n -  On -n -- n - u , n -25  V D C  , •28 V DC - d6 Ga n - n
C a n - n  Se lect - 

- 
O n - O r  33 ( i n - n - n

8 Sun - n S ize n - n - n - n - in-n- - On-in- n - - n- 2a VD C n - 2 S V O C  0.3 O n - n -
C a n - n  Sn-sin -ct Open- 0 4 Can - n

I 9 Scan s- - ’ - e n cn -n - , 0-n - n - n - r n -  -is n - n - n - C  ‘25 VDCn -  3, 7
r~aCmius . ) e-n -n -n- ’t I Oh-n-- 3,5

10 O n - n - n - n -,- Cvcn --  : Op n- n-n . ‘is n-I n-li d n- n-In-. n-n- n- n-, i n - .  -
T

o ie m ar r ce - l Cn-n- in- t n - n-

an- - - n- n- -

11 .1 n - n - n - n - ’n- 
n - n -

u n - n -  : I Open. f 28 VDC +23 Vn -D Cl ‘n- a n- row
Bias Sn -r n - n - in - n - On - r n - - i  Wide

Sn -ole n - - i  CV n- n-n- n- - n-n - .- n - n - n - n -n- On c’n - n - n - d e n - n -  i n - n - n - n - n - n - e n - i  p o n - n - s

n-n - —,

_ _  --- -n - - n - -. -- 



n - n - I S  - l I o n -~~~n-~~ r I n - p - n - t n -  — These i n p u t s  are con t ro l l ed  by the s of t w a r e  program of
t n - c  ATS computer:

o T r a c k  Picn -n - cn-n - n - r  — I np u t  f r o m  ti-ic- ATS computer that removes the search
f l ~~ld d c - t e n - t n - o n  voltage from the deflection coil. This is generated
after the detection discrete is generated by ASCOT and the ATS Angle
Tracking Filte r is initialized.

o Horn -~ n -- n - n - tal Pofnn - ln -~~ Command — Input to the horizontal deflection coil
n-f ASCOT to initially point ASCOT or to maintain the cern-tar of search
on-n t a rn - a t  in the even t of loss ci track during search ; or to provide
reference pn -n -n -n-tin~ commands dun -n-np track.

o V e r t i c a l  ? n - n - T h n - n - n g  Command — in-put to the vertical deflection coil of
ASCOT either to initially point ASCOT or to maintain tn-n- c center o:
search on target its the event of loss of tracking during search ; or
to provide reference pointing commands during track.

o Tar -n - c n - n -u n - te rn -sn-n- — 3n-put to the ASCOT acquis i t ion  circui tn- ’v to an - c
ac gu n -si n -ion of a valid target and rejection of an invalid targe t
( f a l s e  a l a mr n - u based upon radar range measurements and target size.
Zero t a rg e t  vn- ub ’n-en-n-se provides the n - n - range unavailable ’ indication .

I-In - i n - n - u n - i  T n - : n - n - :~ — T n - n -  sig n a l  ci scre tes  l i s t ed  in- t h i s  pa rag raph  are nar~~,n-ilv
:n - n r t t r o l l n - n -n- n - n -  s e l e c t  e n - n - n - n - a r  of two values f o r  s e l e c t e d  A SCn -D T nodes , p an- n - s  n-mi d
:n- n- rn -n - - s i t o lds . T n - c - s e  n - p t  ion-s have been provide d to n-0,Iow fle xn - Ih il ut y in- c-va In -n-—
an - in - ig n- ,c - u-n - i gn -n - a l t e r n a t i v es  d u r i n g  labora to~~, and f l i g h t t e s t s  w i t h o u t  ph ysi-
ca l ly  changing n - c n n - n -n c - n - n - s. w in - e t h e r  these in -p u t s  w i l l  be con t ro l l ed  by t h e
n-es: operator mn -— fu igh t or pre—estab lished before each fligh t will depend

- n- 
upon the test aircraft ’s corn - in -gun - an -i on - and d e t a i l e d  f l i g h t  tes t  p l a n n - u n - n - g .  A:
n-resent , only n-se Stan -n -in-v/Operate Select will be controlled by the in—fligh t
o?e r a t o r .

o S~~n- n - n - n - n - n - -
‘n-

n- n - r n -n- n- S n - I - :  Ct  — T h n - s  command when in S tan db y roan-n- in-nh~ bi:s
n-n-SCOT iron-n a c gn - n - in - n - n - n -n- or will, caus e ASCOT to  u n i r ck  f r o m  t h e  n - a r - g e :  i t

-
n- is n - r - a n - n - m - ing .  The ASCOT w i l l  search b u t  w i l l  ignore  de tec t ion  s igna l s .

o n-n- n-n- n - a r : : ,  F i e ld  n - e l a n - -n- — This command changes the size of tn -n - c sen-n-n-n-in-
n - l en - n-n-n- .

o n-
n - a c~~~~~

n-
~~ in- n - n - o p  O a n - r .  Sa l e c t  — This ccrn--jn-n-arn-d changes the n - a _ n - n -  or’ zn - n - c

: r a c K n - n n -  l o o n -  i r n - r e p r a t o r s .

o ~ : - u  n - n - n -n-n- [n-c~ n - - n - n - n - n - :  n - n - n - n - n - n -c t  — n- n - n - S  con -n -n - man - ia C han g e s  t n - n e n-n - n - n - n - n -  t n - a
sc an - i— s i z e  c o n t r ol  1aop .

n-n- n-n - n - n - n -  1: cc -n - n -n- n-n- ,-n - : , , l r n - s  I n  -I n-n - : — ‘I n - i s  cr-n-rn-mn-n-mu d v a r - en -  tIn- c scar. n-- c - n - n-n - n -en -ce
on - tn -n -u s n - n - n - n -  c c - p u n - n - n -  Q ls Crin - mn -n-J’n- at Or .

o Duty Cycle  To l e r a n c e  S ele c t  — This command selects thc du ty cyc l e
tolerance limits employed in the ~uty cycle comparator. In-s

in-i

n - ’ - - - -~~~~ . n- - n - -. --- - - - - -~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - n - n-



- hI~

n- ’n - n - t p U t , un - n - en - no n - n -n - in -n - i ep n -- c n - n - n- u. n- r n , controls the state of tin- c- ASCOT
n-,ccn- u i s~~n- ion J i s c r en -- i- , n - , n - n - . ,  n - n - e t e riiij nes w h e n - n - e n -  a o c l n - n - — c n -. h en-s n - cc - n - n
n-n-n- n-r.nieved ann-i the iOn-n- rn- n-racker should remain  in n -n - s tra clsn -n --i~ rn-to n-ia on-n-

convert  to its extrapolation mode .

o I,n-, rn- in-yn-e lu -In-h h i n -ts n- c - le n - n - . — ‘On - i s  command se ln - n - c n - sn -  rn -n -n- t racking  window
n- n-n - j  

~~
n-- on - a n - , .

n - - a n - a  of m n - n o s e  a _ c - s i n - r n -  n - a r -n -n -m e t e r s  is a i s cu s s e d  in d e t a i l  in Apn-er.n - in- ix A .

3.2.2.2 ASCn-n-T n- Du tp n -n -~~s

::-n-c - lf~~t of A SCn - ln- liI n - n - n - n - p _ n - s is presern-ted it-, Tn-n-b  In-u .u. i an - n -n-n- c- n - n - :pn - n -t n - s
described n -n  n-ne I n -n- n- lowing pn-n-ragr apin - s ;

o n- I n - : n - n - n - n - n -,:-’ - , s c re : a  — li ’hn -s s ignal  n -nf or r r us  t n -n e AT S n - n - m n - u n - e r -  t in - n-n- : the
rn -n - n- n-n -n-n - t n - n - t n - n -n-i a ~ O t n - n - _ n - l d i  targe t , i.e., n - n - at  tn-he d c - t e n - t n - o n - n -  v : c c - n - n-

in-as c-xc eedea_ n -n - s t m n - r n - n - s n - n - n -n - I n - i .

o An - n - n - n - n - n - e n - n - i - n - n -_ Disn - n -’n- r n-n- — lin - n -i~ n- n - i n - n - n - n - I on -icr -rn -s n - n - n - c - con-n -n -pn -n-ter t n - a~c A S C C’n-I —

has a n - c r - n - r e d . I de  sn - n - n - a l  is de n - -n -y e n -  f rom n-n-ne n-i n-n- in- v Cycle >n- on - n - in - o r .

o i i o r f z o n - n - n - a l  n-n- n-n- - Tn - n - -r n - n - n - n - n - al ?n-n - C n-n- t n-, on-n- — Tn -n -n-n-n- cr sn - n - n -n - a_ is n - r a n - n - sn - r n - n - n -n- z n - n - n - n - I on - n -—
t i o n  oil n-i oi~ n-c - ctn - o p n - u tn - n - n - n - n - n - a n - . target with respect to n- n - n - c - ASCOII rn -n - r e -
si n - n t .  They are us c-n -  to in _ ’n - n - a l i z e  the  f i l te r  c o o n - r n - n - r n - a n - n - n -  sy s t e m
along the c c - n - s n - t e n - n -  tan-pe n- line—of—sight.

o h o n -’- I z c n -’n - n -  ~I and Ve rt i n-al Pomrn - ng Error — These sn -g n a l e  n -ra n - sn -i: the
c i l n - l e r - en -c e  between n - n - n - c me an-sun-ca t a rge t loca t ion -n -  ari d n-:n-e ATS n - n - n - n - n - u n - C n -
n -n - n - ,n - n - I n n -  n-n- crn-n-n-n- n -nd s ( i n - n - n - n -n- n - n - s 2 and i of Table I~ , u.e . , n-h e pd - n - n - i n n -
error. They are  o b n - n-n-i n- n-n- n- 0 f r - n -n the  o u t p u t s  of th e  n-n - SCOT ’s intern-n-al
tn -n - cI tin g I on -n - n- _ntegrators ann-i a_re ;n - secn - to n -n -n - ca n - c the An - n - n - c n - a_ n -’n- Ang ie
‘I’ n-.;c kn -n-a Ft ,n-n -e : n-etter an- n - n - q ul s e t n - cn - n.

o S n - n - n - n - n - n -  — T h n - n - ,  “ n - n - n - n - n - n - I  is n-in-n- r n - w e d  n - n - o n -  n - n - n - :  scan sn - s o  corn-t n-rn- n- n - in - -
n - n - n - i n - .  As well n - n - .t a me n- on -urn -n -cnn - C I  t n - i t - n - CL S n - n - c , n - t  i 5  n -n -I so  n-n- n -n - a_S n - n - n - c

of n - n - n - c  t n - u n - n - o n - n -p ?n- r n - n - t n-- n- n - n - n -n - n - c a n-

o _ _ _ _ _ _ ~~~ _ 
— n-rn- \ n - n - n -n- 5 \ n -n- ” n- n- n- n - 5 S n- o - - n-

n-
n-- 0 e

s n - -n - n- — n - r n -— t n - n -n- ga:  n- jr-n -n- ’ t n - n -  n - n - n - n -  t n - n - t a l  n-, can n - n - r n - n - n - n -  Tn-n- c n-n-n- u.n-Z n-n-n-it is c an - n - n -n-n-ca-
In-c-n - n - n - t e n -- r n - n - n -  n- n - n  of n- n -c - n - e n -  n-n- n-n-n-n-u n - a  n - ; c r i m i n a n - c n - r. n - I n - I s  a n - gn a .n -  n -s a n - e o  n- n- n -n -

t ori  of t n-n-n- n- - n - n - n - n - n - n -  n - n - r - : o n - n - ’. n-n -n - i n n - u n - .

o n-i n - n - s j t i v c -  n - . n - n - c  n-. n - t i n - n -’s T n - n - - ,~~~~t n-. - n - n - n - n - n - ’, .  , n -~~~n- -.~~~ n - n - n -  n - n - n -- an- an - n- n- , r n - n - n - r n - n -n-

n - i v e l ’n- n- . n- n - n - n - n-n-n n - n - n -n - n - n -  n - n - n - r o n - n -  ~ n- n - n - n - c  level  ~n- rn - n - n - n - n - n - n - In- n- n-n- n-n- n-n.. In -n - a s  n - n - a _ n -  n - n - nc
n- n-n-n- n - n - i n - )~~ i~~ n- ’. n - n -  n-~ c,-n-n -n-. ur.d In-n-u n-n-cl.

0 ~~~~
- . n - n - . ’ n-n- r n - n - T n -~~~n -o~~

- — f n - , j a _  n - n -  nn -n-a s~ re of the h -:n - n - , n - : n - n c - n - - n - n -  n- f  n -In - n- n- n - n - n - c :
O n -  t in e s n - n - n - n -c sn - - n an -ned  n -n - v :he On -( . , I  . :n-- ,n - sn-rn-n - n - o n -  n-i t  n - n - n -c- sI gn- n - n - n -

in - n - n-n-n- V O I ~n - n - n - p n -  on -n n- ’ t n - . n - n -. n -n-n-i ,n g n - n - i c o n- - n-n- n-n-n-n-i n - n - n - n - n - r .
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-n-n-’ n- -n--n- ~ -n---- - n- 
n-
~~~~~~~~ . n - n - ---— - -n - - n - -~~~~~~~~~~~~ -~~~~~~~~ 

-n-n- ---- - ---n--n-n------ n - n - ~~~~~~~~~- n - n -~~~~~~~~~~~~ 
n-n--n-n-- 

~1

o B a c kg r o u nd N o i s e  — This is the RNS value of the high frequen cy fluc-
tua t ions  in the backgroun d level.

TABLE 2
ASCOT OUTPUTS

Outputs Function Software Name I Vot tage Range Sca’e Factor

1 Detection Discrete IDETA T2 L Compat ible I Hi — Detection
Lo — No Detection

2 Acquisition Discrete IACOA - T2 L Compatible 
- 

Hi — Acquired
Lo — Not Acquired

1 ~ Horizontal Posrti o n EVTSSM(2) I —5 to +5 VDC 3°/V n - P1-n-n-s — R n - 9 h ’ n -

- 
Minus — Left

4 V e r t n - c a i  Posn - t i on  I EVTSSM (3) —5 to +5 VDC 3°/Vn - Plus — Down
Mn-nUs — Up

5 Horn-zonta l Pointing XDVSM(2) —5 to +5 VDC 3°/Vn -  Plus — Rn -~~ n- -

Error I~ Minus n-n- Left
6 Ver t n- ca l  Pointing X DVSM(3) —5 to +5 VDC 3°/Vn - Plus — Down

Error Minus — Up
7 Scan Size XSCSZM +5 to —5 VDC TBD
8 Duty Cyn -n - n-n - I  X DUTYM 1 +5 to —5 VDC 10%/Vn - +5V — 0% I 

n- n
-

-5V-100% ,

9 P c n - n - n - n - v e  Tn - n - n - g n -- n -  L en - n - n -: XPTLVM 0 t~ 
n - 5  VDC 1-BD

10 \n -- q n - n - n - v e T n - n - n - g in -n -  Level X N T n - V V  Ot o 5 VDC TSO

11 Scene 3 r n - ~~~ ’- t n - n - n -’ s- - XS CiR ~n-~ 0 n -n- ’n - n -  5 V D C  T B D

12 Bn-n-’ k q r n - n - , n -nd \ n - n - , n - n -  Xn-in-IINSV I O t o  -9 VDC I TBD

3. n-a n -SR— i IIESIGN

3 .i.l Pc-ve i n-p r -n -en -n - i a c i - n - pr o un -n -n-I

Tin-c ATS n - n --n -O ar design a_mew heavn -iy on the General Electric Son-n -ic State
Ra n - n - g e — n - n - n Iy R n-n -O n- n -n- (SSSn- 1) dc - -n-’c - i opm en -t  effort. The SSR—i was developec en-s a
simp le , single—package radar suitable far use with guns or short—range
mis-- n - Ic-s . Tin- c bas ic  rad ar  pan -n-n-meters (frequency , power output , etc.) fit the 

—

A .  S o n - n - n - j o n - n - n - n - n - n -  a n -n - n-i tine A n - S SSR— I design mainly concern-cc aaan-zatlon of n-li e
n- n-n- n-n- n - c r n-O n -ar n-c n - n - n - t e n - n - n - n -cc w i t h  the in- T In- computer. Several in-itc r ac-n- concepts
wer e ev ala un -tc -cn - for suitab i -n - in - v. Rn-n-an - evo lved Is a desn-grn- n-n w h i c n -’n- t n -he ATS
n - a _ o n - n -n- n-n- as  two r n - C e - s n -  I )  art Augmern - zn- : n - n -  Rode in w h i c h  the ATS cor u in -ut er  controls
n- he r n - n - n - n -n- i n- n - r n - n - c n - n - n - np i n - n - O n -  vo n-n- the R n-n- I n -n - an - n--n -n -n - ge  T n - n - n - c k n - n -~ F n - I t e r , ~ r-O ’n - n - n - i n - n -
optirn -ar, n - n -  I n - u n - n - n - p  o f  t n - n -- radar - dan-n -a as well n-n- n-n - n - i r n - t r o n - u c l r n -g da ta  f r o m  other

-n- . n - n - n - n - , ; o r s  ( n - w i n - s i n - n - n -  n - n - n - n - n - i n - n -n- , for exam -n-Ic) n-n orae r to prcrviae accurate prediction

on - rn -n -n - c c c-n-d rn - n - n - n - n - .- r a n - c ;  n-nd 2 an A n - n - t n- n - n - n - n-’-r -n -n- n-is Mode n - n - n  win- n- n- in- n - h e  S S R— l  tracks
t i e mc -rg tu t , n--~’ n - n - s. n - n - i ng pre -n - e n-nt ran ge n - i n - n - n - .  n--an -n -ge rate win - In -out assistance from
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n - I n - c -  ATS c o n - p i n - t e n - n -  
n
-FL n- n - A n -n - n - n - n o n -n - n - a n - s  Mo d e al lows ch eck—out  of  n - n - n - C  r a n - a n -  n - n - n - a

Sen -pa _ ran -a srihsystn--n- and ~rovi n-es a d i rec t  can -n -par ison of the advantages of
optimum filtering in a central computer with more convention-al radar fn-ln-er—
i r n - g .

Deveiop :n-un-nt of ti n - c - basic radar has progressed in- pn - a r n - a lel  n - e o n - n - .  t h i s
s t- n - n - dy . Den-ai le d design and testing for M IL—E — 5400 en-vi m- -- n - n-c- r n - n - s  is in process
n - n - n --n - n - n -  comon -eteci un-in-s of n-tn-is On -n - si gn -n are scheduled fo r  dunn-u 1974 .  Pan-c to  n-his
para l l e l  e f f o r t , n - o n - s— l e a d  p a r t s  in inven to ry  w i l l  a l low delive ry of a f l i ght—
worth y n-n-IS SSR— l six m o n t h s  a n - t e n -  r e c e i p t  of an order.

As n-on a d d i t i o n a l  fn - n - n- i — o n - n - a  of a n - n - i s  p a ra l l e l  deve n-n-n -p r n - n - c -n: , a breadboard of
n -i n -c range tracker can -n -  I n - c  made avai n - in n -n -en - to demonstrate and evaluate d e t a i n - n -en- co
interface with n-n- con-pun-er n - n - n - a Ijooran-ory environment .

3. n-i .2  ,
n-
n - T S  S S Fn -— l n-~C~~Cr1p tion

The A n-In - S Sn - S — I  r a d a r -  is n - e l f — c o n t a i n e d  in one h r-c- rep laceainla -a_ n- It (LRT )
n -sn - n -n-i un-sn-- n-n -a n--n - n - x  inch , i n - x o n - n - — n - n - o r n - n -  a n t o n - r n -a to orovice a conical sector  coverage
of 15 degrees .  I t  i n -  n- n -n - n- n - :-n- -n-i-n- n- n - n - n -C , n -n - o n cn -n - he  rent , pu lsed  r a n - n - a r .  I t s  ? n - i n - n - n -~~a n -
I n - a n - a m e n - e n - s  an-u n -an - for-n -n -n - n -n -n - n-n-in- .o:n-acn-eris tics are listed irn- T a2n- in-~ 3 n -  It  n-as a
detection rn- n-i n- an-in-ility of 2 .65 n-n a n - n - n - n -  cal mi les on-a a 2 square meter - target
i o n - n - t e d  n - n - long  tn -n -c axin- of t I n - n -  r n - O a r  an -n - t e n - n a  n - e a r n .

The SSR —i n -  is compr i sed  of  the f o l l o w i n g  sub assemolies :

R i c :n -w a v e  Ass ern-n-hlv
Rn -n -pr - n-n-- n- rn -n-n- n -
Mn-n - n - n -n - n - I n - n - t n - n -n-

n- n-n - In -C
IF  A m n - l n - f i e r

n - n -n - n - n -rn - er
Power Supply
S e l f — T e s t / C o n - n - r n - n -I n-i

Tn -n -c - n-n-tn-- rn - n - n - n - n - f n - - r  n - n - n -c SSR ~~l n - n - i O n - n - n -  in - a 3— n - n - n - cl- n - n -:Cn - n - n - — I C n - s  type. The i n s t a l l a t i o n  n- n-

con - i n-a n-n-a n- :a-n- n - n - , n - n -  a-n-n-t n-n- n- n - n - n -  s hn - n-,en -n - - Figure 12. Al -h um -n - gun - the horn antenn a and
radar  L RO can n - n -  s n - n - - p ar - n - n - ed an-n-c connec t ed  by a wavegui n-ie if  desired , It  is
su g ge s te a  - n - n - n - n - n -  s a n - c - n -  n-a -u n - n - n -n- n-n-n-n- a n - n - C e  ran - n - n -  in-n- c no grea ter  than 18 inches .  ‘ n-n-

Tin-a n-s n - n -n - r n - n - n - n - r d  i n -  n - n -  pn -wi- n- Is ~~n - lS \n-~ r and the n- n -o~~~n- ’ n - n - n - n - n - n -  n - s ap p r o x i ma n- e iv
33 n- n-’ n - n - t t s . A n -  n- e n - n - . n -n- . n - V E u  i n - n - n - r n - an-Tn- n- - n - - u n - n - n - e n -  s u c n - n -  as in- ,n - 5 v o L t  ~n - O C n - in - z can- inc
U t i l i z n - d  nn -~n-n- n- n--n- n-- n-rnn-n- n-., a n-s n - o n -  n-n- n - n - n -n - n - n - n-n- i n-’ tr n- n - n - n -  a _ n -n - , n-n- 

--~ n - t n  n - n - n - t n - n - c n - -n - V 1n - o n - n - n -n - rn-’ n - n - tn - - n - n - n - n - n - n - r a -n - a r e  I n - n -n-n -t a on - n - n - n - L n - — .’n- — n-~~ n - n -  n- n- - n- :c n-n — o n - n - to  -i- n - n -  C.
Prn -n-n - v n - n -n-, jn-on-n-n-, f o n -  n - r e n - n - s a n - r i .n- n - n - n -  ion- n - a rc - ru n-n t n - n - n - a- n - n - I r n - d  and a t i n - n - n - —n - on - n - n - cia _ n - n5 me n - o r -
(Rj1n- —M— 7I-i 3) on the  r n - O n - a r a n - n - i n -  n - n - n - n -n- c an - e s  n - n - n - c  n - n - n - t n - n -in- nun -h -er  n-n -n-i po~c- n -~ r— cn -n n-n- a -n -cs
a c c u r -n -n-n- l n - n - c e n - i  Cv tn - n - n - n - - r n - n - d o n - .

P n - n - n -v n - n - i n - a - n - n - n -  arc- rn- n - n - O n - n - n - n - n n - i -n - c  n- n- n - n-n- n - n - n -  n-n - i n - n -~~~~n- n - n - ’. ’ Z n -  I n - g l n -
~ n-n- n - n - n - I f u n c t n - n - n -n-n- In-n-n-rn-n-n- n-n-

w n - n - e n n - n -vn -n - r a n-- - . n - n - I n - n - r nn-j i  f a -r - c t -n - n - n - n i s  s e n - n - n -e n-i n-n- v n - u i  I n -— i n  test n - n - c n - . n - n - n - r y. Tin -~ sn-n-

n - n- n- , ,n- ,~~~~



-- - - ~~~~~n- n-n- n-
~

n-
~~~

n-n- ~~~~~
n - n - .

~~~~~
n- 
~~

n-
~~~~~

n-
~~~

n-

TABLE 3
ATS SSRn-1 RANGE n-ONLY RADAR DESIGN FEATURES

Antenna 6 n - n. Horn - Lens~~~~
Beamwidth 15° n-t 3dB I
Gain 21 ciB

Transmitter I

Frequern -cy 9375 MHz I
Peak Power 8 1KW
P R F  1 024 Hz

Pu~sewn -d th  0.45 Micro seco rn-d

Receiver

Intermediate Frequency 30 MHz n-

Bandwidth 4 MHz

Noise Figure 8cB I
MDS —P 8dBm

Processor
Outputs

Detection D n- n- n- r et e I
Lock On Discrete
Rn -n -n~ n-n-n Digita l , 16 Brt s
Range Rate Digita l. 8 Bits 

n-

Lock On —91 dBm
Search Range To 24 000 ft I
Search Rate 24 000 ft/sec
Autonomous Tracking Accuracy n- 50 in-

L 
Veloc ty Memory 2 sec

c i r c n - n - i t s  mon i t o r  k ey n - a _ O a r  fun c t i o n s  sucn as the modulator overload circuits ,
t n - c  AF C lock—on -  s ig nal , and feed  inputs  to the self—test logic board . Loss
of any signal will activate the malfaaiction indicator.

n-l I-n- en- r an -ta r in - c o r n - c r a t e s  n-n- m e t e r  and tes t  switch , wh ich pe rmi ts  r ap id
check of C~~~ n-

n- 5 n - n -n-n - n -  n - n - rr~ n-.n - s , n - n - a c - n - n o n - r o n  cu r r en t , power s upp ly v o l t a g e s , e t c .
.‘ : c : n- n- n-n- . n - t  n-)~~~ n - n - s xn -  n-ln- a Ck~ r n-sr. Ce .n-n-ade by lock ing o n t o  a n-n - n-a : a-r -a_ I n - an - g e t  on - a
co rn-e n-- r e f l e c n - n - m n- n - O n - a _ t e n - n -  .~~~ - n- rn- rn -own - range . n - T n - e n - c  more p r e c i s e  t e s t i n g  n-s
~ n-n - S i r e n - n -, a a n -  n - n - a l  pen -e n-a-cer n - s  j sn -— n-.n- t o  n -n - n - I n - ca- n - r u n - in - i n - r um d n - i s c c r n - n -~ h e  s i g n -n - a l , an-c
a precise range and r n - r n - c — n -- n- r e  n - n - ge t n-en- n - or a t o r  is used to check t m - n - c h i n - n -n-
perform ance . Since n - n - n - c rn - iua - r  c o n - s i n - n - n - s  of n - n - n - n - v  one lI RE , tn - c  m a _ t n - e r  of  f au l t
n - s o l at i on  is almos t n - c a _ den - n - n - a _c , b un - : n-he test meter does pr-cv in-de n-he ca-pability
of verif y ing t ha t  the  ou tpu t  signals are p resent. A BNC connector on the
ra-dar provIdes a sync pulse for use by an AGE equipment . O n - h e r  s ignals ,
i n c l r n - d n - n --n - p  n -he  r e c e i v e d  vide o , are also brough t  out to e x t e rn a l  test  p o i n t s .
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600 Dra~~~~~~~~~~ 
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A~n- n-n- o f t  M in - n - n - r - n - rn - y R0 n- -
~ , /

an - n - tn- n - Rn- ’ u n -n - n - r n - n - n q  n-
~

H~ r d w a r n - n -  n-n-in -d Gu n - n - n - n - a n - n - n -  n- n- n- n-

N o n - n - -  A - n -  n- n -n- n - n - n -  n- n - fl s n - o n - n - s  n-n - i  - - n -n- n - n - -n-

n - n -n - n - n - a n - I a n - n - o n -  Data

n- n- n- n- n - n - n - n - f i n -  23 1 b 1 0 c n - n - n- c n - n - c A n -’. n - n- n-n- : - n - o n - ,

I D n - n -n - n - n- - n - n -

I n-n- n- n- n - g r h n IC. 1 5 n - n .  -
an - ’-  9 G b  n - r n - . -

.n-1n - n - n - n-~n-r-  5,9 1 in . -

I Cn-n-n-m ng n-n- - N o n e

P n- ’~~n- - - n - !~~! n - O f l  - 15 ps i - (W avegu n-de Onuvn -

I op n- n - n -n- i  T n - - m n - n - n- - u n - n - n- . — 55 to 71 °C -

On- n -n- - r u ng A n - n - n - n - n - n-a-n-n- , , n- - - 3 to 50 n- 006 tt 
-

FIn - n - n-n - t n -  n - n - n - n - n -n-n - n - - In pn - n - n - - ÷28 V D C  1.0 n- n-n - n p  -
115V400 Hzn- l Amn -n- I

n- n - r n -n - n -  - - - Hard Mo n - n - n - n - n-

V n - t j n-n- n - - n - n -  n n- n-n - v - n- , . MIL-STD-8108. Cu-ye A -

L -

F I G U R E  12
ATS SSR-1 RADAR OUTLINE DRAWING AND IN STA. .n -LAT iON D A TA

u n - n - n - O n - n - n - S i

‘i -n- c rn-n-:n- n - r n - s n-n- n - n - tn - n - n - a n-v n--n - n - un - n - n -n-i s n - a _ t n - excep t for the 2 on -  n-n- n-. I- n
-a_go n - r n - n - n -. n-n- mn- n-n- un-

n-n- ig n er  ron u t i l f a _ n - n -s n-n- n- n - n - n - n-on-- n-n- tun g sn - en  catho n-n -n -e. Ti n-n - c -  tn - n - t n -c  low power of n-n- In- c-
n - a n - n - n - n -n - n - ron and n - n - n - e  rn-m n-n- n - I n -  i n g  low cur r en t  de n - s i n -n - n -  , t n - is  cathoue is opo r n - n - n - ce o
seve ra l ln- a n - n -n - dred degrees lower in - n -  t e m p e r a t u r e  th an  is con-a-n-on- w i n - n -  h i g h e r  power-
rn -n-agne t ron s . As .n- r e s n - n - l t  of n - inn - n -n- , n- n - n e t n - n - b e l i f e  is in - n - the thoan-s amn-cis of hours .

-n- n -n - in-ar  f a n -  l a n - n - c  n- n - n- o n --ie oil : n - n - n - g n n - i n - n - n - n - n s  £5 n- n -p en c~~r c u n - t s  of th e  h e a t e r .  For
t h is r eason a n- - i n - n -p n- n -n -n - ci r c u i t  to n - n - o n - n - n - n - o r  t he  presencn-u on-n - i n -n - e a t e r  c u r r ent  can
p r o v n - d e  n-en- hcg n - n - level of sn - n - f—test confide n ce for tn - c - t n - a _ n - n - s t u n - i n - n - e r .

, n - n - _  .__ .n- n - n - _ n - _ n -  — ‘-n-n- n- n- n- 
- 

u. ,n-— n-n - _ n-,_n- n- .n- 
~~~~~~

n-. ...n- n-._n- n-.
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The SS~ — n - has been designed for high reliability , ease of fault isolation
and ease of maintenance . Except for the magnetron , the radar is entire ly
solid s t a t e  and has no moving parts. It uses fewer than 600 electrical parts
and has a predicted MTBF in excess of 2000 hours . This prediction is based
on reliab ilit) experience gained with production radars such as the APQ—1l3,
—114 and —144, wh ich u t i l i z e  s imilar  components and design techniques as have
been employed in this radar. Modular construction techniques are utilized
win-h n -n - I l  sub assemb lies except the harness since it is easily removable from
the chassis . The unit is designed to the environmental levels of MIL—E—5400,
Class 2, with vibration levels to MIL— STD— 81n -0 B , Method 514, Curve tn-.

3.3.2.1 SSR— l Inputs — The l ist of ATS SSR—l inputs is presented in Tab le 4.
There are two different groups of input signals that are supplied to tn-n- c
SSR—1 . These are signals from the ATS computer and manual signals . Each
input in-s described in the following paragraphs.

TABLE 4
ATS SSR-i INPUTS

- Software Quant~zati on
Inputs Function Name I Leng t h Units MSB LSB

Command Word JIOR 8 Bits NA — n-

2 Range Command GPTSFP (1) n- 16 Bits ft 12 n- 000 0-36
3 Range-Rate Command GVTS FP(1} 8 Bits j ft/sec 23.4 036
4 Off-Standby-Radiate n-

iSelect
5 Range  Select 

‘ -Pilot Controis
6 Target Reject I
7 Self-Test Select 

n - n - n- n- ,

~~

n- n - n - 88

A il S Computer In-puts — These inputs are controlled by the software program of
the  ATS computer:

o Con -mar - d n - o n - h  — I n p ut  from the ATS n-n - n -n-n n-n-n-puter t h a t  t r a n s f e r s  con-rn -rn -ar -n -a s
and d a n - a  between the ATS computer and the SSR—l.

o A n - n - n -  n-n-n-un -n-mn -n- n-f — In -n -p un - to n-In - c u n - d r- — I  n-n -rn -ge r n - n - n - g n - a t er to c a n - a _ i n -  ltsn --n- ran ge
g a _ t n - n -  p o s i n - i o n - n -  d u r i n g  Augmen ted  mo de o p e rat io n .

o S n- ,n - pn-n-n- n- .~ te n- mn- n-n-n-n-n- n - - n - n - n -n - n -  — Inpu t t o n -  t ine n - n - n - A—I ran ge— r n - n - n - c  n--en- in -a t e :  Ou r - n - n - rn -n-
Au gm e n : c a_  mode opera-t i on . n - C n - V t’S to provide i n i t i a l  range—rate
value if Aun -on orn-n-ous mon -ic is con -n -co n an -ca .

‘n- -n-s n-n- -n -ia i  t n -p ut s  — These inputs to the SSR— l are con t re~~ ed by the cperator from
tu n e 535—1 c o n t r o l  panel.
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o OFF — STANDbY —- RADiATE — This is the basic powe r—on control. In
STANDBY position , bias voltages are applied along with n-n-u a grn- n - n - n - : o r  fila-
ment voltage . After a warm—up period , RADIATE select is enabled and
its selection will initiate transmission of RF power.

o sn-n-n -n - n - on -  n-Sin-SOT — Provides for selection-n- of a 3000, 6000 , or 24000 foot
maximum search range .

o TARO E I RE J ECT — Allows f o r  b reaking lock on presently acquired
t a r g e t s .

o SELF —T E ST Sn-LECn-n - — Initiates generation of an internal test targe t
f o r  p r e f l ig h t or taxi  checks .

3.3. 2 . 2 335—1 ~~n-n-n-t uca  -— n - l I e  l is t  of ATS SSR— l o u t p u t s  is p r e s e n - n -n - c - d  irn - Table
5. There  a-re two t i f f ~~r en -n -t g r o a n - s  of  o u t p u t  s ignals . Tin -a_ se  a_rio a br-a-n-con- of
d ig n - t a l  s i g n a l s  n - r a r n - s u n - n - i t t e n - l  t o  n- n - n - c -  ATS computer  on r eques t  an al a b n - U n - n - p  of
p i l o t  display si gnals . Oach output is 

n- 
sc ed in the f o l l o w in g  p ar a g r ap h s .

n-
~ABLE 5

AT9 SSR n-1 OUTPUTS

Software Quant izat ion -

Outputs Function 
- N me - -a Length Units MSB I n-SE

I Range GPTSXM 16 Bits ft 1 2 n- 000 0.3d -

2 Range Rate GVTSXM - 8 S a-c fti - sec 23.4 0.36

I

n

- 

Range R C n - n - n - n - n - r Correct ion XRC O R 8 E n - t n - n -  I n - n -  I 234 0.36
4 1 Status Word JFSW R 3 S n - n - s  NA NA NA
5 Sn-ça-n -~ n - n - t o ’ N o n -se Rat i o X S N R M  4 E n - s  o n - n - n - n -  2a - ~ 

I

6 Se a--Test Fa~ I a n - n- 
- F A n - L R  3 n - n -  I n -NA NA 

- 
n-NA

Dj s n - n - r e t n - n -

7 3ion- t - T n - n - s t  Go No Go
E n - s p y 

n- I
n- n-n- 3 n - a n -n- n-~~ Pilot Disp lays

~~~
n-n - n - n- n-~ in -n - D is pn- n-y

10 T h n - n - r m n - n  -Ov i- r n - n - n n-n- O D n -a -j : n- iy -

n-n - n - c - n - n - n - n -n-n-

AT S Compute r O u m ~~~n- t s  — n - h e s e  u i git a l  n - n u n - p a n - t a  are tm -n-rn -s n- n - n a _ t a _ a  to n - n - n - c  - A S  com-
p u t e r  on -n - r eçuesn - :

o Ra n -n -n - n -n - — T i n - i s  o u t ? u n -  n-ran -sn -n -n-n- n-s tn-n-c 1)—bit contents un - f the SSR— l rn -n -n -n - ge
register to n- in - c -A C S computer.

o 3n - a m ge  A n - n - t n -  — Tints output tram -sn-n-ta an-. n-— n - n - i t  (7  n-n--u a gn i tu a e  h i t s  r i -n-us a
sign b i n - )  r a n g e — n - n - n - m n -  n -ea surn -mrn -en -—m t  f rom n - l ie n - n - n -n-n- I n - n - -n -ate  r egn - n - -, n - e r .
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o Range Register Correction — This output transmits the a—hit (7 r.a~~n -n - -
tude bits plus a sign bit) quantized range—register correcr n-on .

o Status n- .~
n-
o r d  — The status word is a 3—bit word representing the sta n - un -n-

of the SSR—l ’s DETECTED PULSE , LOCK—ON and COAST signals .

o S i g n a l — t o — N o i s e  Rat io  — This output t ransmits a 4 — b i t  q u a n t i z e d ,
measured signal—to—nc ise ratio.

o Self—Test Failure Discrete — This bit represents a SSR— l malfunction -
based upon its self—test circuitry .

Pi lo t  Disp lay  O u t p u t s  — These outputs are disp layed dire ctly to the operator
on the SSR— l display panel:

o SE LF—TEST CO/NO—GO DISPLAY — Provides GO or NO—GO indicator lamp con-
dition based on self—test parameters . Consists of 2 separate lamps .

o SEARC H DISPLAY — illuminates indicator lamp when in search .

o LOCK—ON DISPLAY — h un-rn-m ates Indicator lamp n-n-n -inc -n- radar has acqn-n-In-er. n - n -
and locked—on (tracking) a target. hi

o THERn -en-tAL OVL D DISPLAY — I l l um i na t es  i n d i c a t o r  l amp when i n t e r n a l  SAIl
tempe ra ture has exceeded 160 °F.

3.4 ATS SUBSYSTEM INT ER FACE

The previous  s ulin-ect ions have d e s c r i b e d  t h e  p r i n c i p a l  ATS subsystems ;
nanely , the ASCOT angle sensor arn-d the SSR—l range sensor. Two additiorn-al mn-n -i

su b s y s t e m s  ore require d fo r  ATS op e r a t i o n , the  ATS computer and the Stn -a j—
cn-cn-wn Cv r o/A c c e i e rot n -a t e r  Package  (SGAP ) .  In - s the contracted Staten-c-nt of ‘sn- on-k

( n - n - n-li) the A n- O S computer  was a n t i c ip a t e d  to  be a K e a r f o t n -  SK C— 20 00 air-b o rn -n -n - - - n-

n-igital computer. Likewise , it was anticipated that the  c o m p u t e r  an -al  appron--

p r -n - a t e  su P p o r t  soOn - n - -n - a r e  w o u l d  a_ c f u r n i s he d , as r-ecn- ui red , by On-FAIn- d u r I n g  n- In n-n-
n - c n n - n - n - c t  to  d e ter m i n e  p r e l i min ary  assembl y language programming requirements
i n -n -n - : n-n- rn- a_ I n -c - r e n ti ng  t he  ATS software design on the EV C_ 2 000 .

Ou r i r n -g n - I n -c- course of AGFCS Phase li the  (SO W ) a n ti c l p a t n - n -n-n- e m p n - n - n - n - n - n -s on
the 3 i-I C—2 0n - 1 C as th e n-ITS computer did not materialize. Also , neither t h e  n-n- s n-n-?
of a SKC—2000 nor the required software definition was available from Al-’n- n-n- In- .
A c c o r d in g ly , the ATS s o f t w a r e  d e f i n i t i o n  was made s u f f i c i e n t lv g e n e r a l to
n - In -l o w  i r u r p l e m e n - n - n - n -n-n -n - n- n - n - o r n - :n - n - -: lthe r  tIn n-a_ SKC— 2 00 0 or an -n- o n - I n - e r  co m p u t e r  n -n - ~ t s  class.

n
- i ,n - L~ n - en - a i l e d  n-ITS s o f n - n - c a n - e  rn-cs cri pun -iotn-s is presented n-n-n VOLLn-~~~ IV

As was disc- missed in -n- S n-n-a-sect ion - 2 . 4 . 2  c c - o r - I n - m a c n - n -  s y s t em  tr-an -s fon -n-n-n-n-n- tion- .
n-n -n -p d a t ed  ch r ou n- n- -In - t n - n -a use of n-i n -GAP in - n - the ATS desi gn- ifl l i eu  ot  a gIn-in n - n - l I e n - n -
platform , an - n - a u t h o r i z e d  n-n-rn - n - inn - n - s contract SOW . However, the ATS s o O n - s n -n - n - n - r e  has
n-In-c o p t i on -  of  n -n - t n - n- I izing inertial inputs fr - on - rn - an-n- i ner t i a l  p i n - t i n - r n - r n -  sun-n - in n-n- un- n -he
S in g e r — K e a r i o t n - -  An -nL— 90 (n-n -IT— 73) as a secondary me n-i-ocn -. The SOAP n - n - c - i c - e n - n --u n - o n -
the ATS consists of median-rn-—quality gyros and acceicrome ters. In- is
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-n-- n- n-n - n-n- - .—n----- -- -n--- —----—n--.

be1~~~en-n-n- n - n - u  tn-n-n- t in - , or n-n -n n-n-n - cui v an - n --sn-n- tn- strapdow-n-n- assern-on-n - y, ca_ rn - In-n-c fun-n-isbn--n-n- - an-
n-u—c c-st to n-dc - aovernrn-n-ent for ATS flight test. Representative ATS SCAP
perf orn-n-n-n-nce specifications are presented in Subsection 4.2.3.3.

n-the overall ATE computer interface is diagramed in Figure 13 . A s - n-n-a_ n-n-n-n-n-an-- n- n-

of pr in-nci?al ATS computation and interface rates is presern -red as Ftgun-~ 14.Interface consists in twisted pairs transmittlrn-g compiementar-n-’ T _  - 
In-

(Trans n-~ cor—a-n-n-nn-sn-s:or Ilegic) Si gm-a_Is. Each s-n-n-c- syste m is assignec a n- n - n - n - n - n - n -n-n- n-n - n-~
worn - i . The indivi dua L bit s of n-lie con-n-n-and word comm an d the suhn-systerm to
em-rn-er: ) tran-- si tn -cn -n - . n-o n- p ar t i c u l a r  operin-ting node ; 2) receive d a-n-~ ; n-n - n -
3) c cansm~t data. 

In- In-c nun-then- of bits in the command word is adn-j usteci n - n - tine
particular requirements of its subsystem.

ASCOT ~~~ n - n - 
I
______ D/A 

________

ASCOT I Da n - n - n - Bu n - 
n-~ _n-n- n

-

n- n - n - S i n - S n - C

_ _ _  
ASCOT O u m p ~n- n - n - ___ 

A D  
-

- -  

~~~~~~~~~~~~~~~~e
j~~

n
-~~

1
;
3

1 

Dan-a Bcs
n-n - n - -~ 

-
n- 

- 
Oats Bus n - in-terface 

~~~~~~~~~~~ C u n - n -n - p n - i t e r  -(n-
i _ n - n - n - n - n - n- 

— ________ 
- i n - n - C  n - I a n - n -n- I

i
n-—

______
n- SSR n- u n - n - t n-i n - e n -  ~6 n- ~~~~. - _______ __________

- n-Sen -n - Tn -n -b in-n-- 5) 1
-
~~~~~ D n - g n - t n - n -n-

D~ u n -n- Sn-n-n -s

________ Sy s t e m
1 

—

~~~~ ~

- n-

~~

-- - n- n- n---

~~~-qe n - n - O n-n - :  n-n-  n - i n - n - n - n -

_ _ _ _  An - n-~~~~~ - n-~~~~~- n - n- - ___ 3 
n-
~~ ~~

-- 

F C ~~° Eh
ATS CCM~~UT E R  d’n-I TSRFA CE DIAGRAM 

n - n -  - -

iOn- In- a sc- n- n-n-s n - n - n-tn - n- n - i n - n-
n-

n- 16 n -n - n - i n - s long -n -n - in - r n - cn -~ 1 h in - r n - n - n -g n-i-n- n - s In-n- as: ~~ n- g n - n - n - h n - n -n- n - n - n- n-

n-n- in - ( i n -S n - n - ) .  Tn-n - n--n - n- r n - n - an - n - - n - n - f i n - n - n - n - c - o r  i n n - e n - f a c e  dc-s i n- n - n - u n - d a t a  a n - r o n - ,  n-n-rn - 
n - n -

n - a _ c c - n -n - c ”

w I n - n -n- n - n - n -  ros~~~~n-n- h  i n-n-i . Thin- n- IS onc- l A ~ I n - in- data w n - n - r - u  c o n - n - s n - n -  n -s n - r n -  s e w n -n - n - a l  n - n - n - n - a_ — wor n - ls of
less than 16 bin - le n -: n - gn - 1 . n- -On-en n- in - c comman d is to ‘ r-c n - n - c - n - ve a _ a n - n - n -

n- 
t n - in - u  n-ITS cc-::.—

cuter n -ran smn -ts n-he 16 d r-m n -a inn - n-s along w i r n- n -the cam n -n - .tn -r n-Ic-a_ k p U I n - n - s c n - , . n-
_
n-r n-

“Execute ’ 
~~~U I 5 e  then -n- fcn-  n - l o w s  n-ne in-I n - n - t a  -word. n-n - u n - e n  n - n - n -e con-can -n-n -n -u n-n - . n-n -n - ~~-a_ 

n - n -
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• n- n- n - .
~~~~~~

n- n - n - n - n -n - .n- n- -- - - n -n---.

~

n- - n-n-—- - - — - —n - .

~~~~

- - n - - — - -  

~‘1

SSR -1
Tun- n-n - n - m n - -n- s n - or i P u n - sn-  O n - n - n - m e  10 24 H : (Discrete)
Tn - n - n - n -n - i c i n g  n - n - n- n -b Up date Rate  64 Hz (Disc re te )
SSR h ATS Compun -er Interface Rate 64 Hz (D ID)

ASCO n-
Tr n - n - ck iriq Loop Bandwidth V ar i able
Scan Frequency 1000 Hz (Continuous)

~n- 
ASCOT :ATS Computer Interface Rate 160 Hz (A /D )

I ATS Computer
I Angle Tracking Fi l ter Update Rate 16 Hz iDiscrete)

Range Tracking Fu n -er Update Rate 16 Hz (Discre te )
Filter Coordinate System Update Rate 160 Hz (Discrete)
ATS Computer /SS Rn- 1 )nterface 64 Hz ~D n - D n-
AT S Computer/ASCOT interface 160 Hz CD/A)

SG A P
Gyro Loop: Analog-to-Frequency Converter 0-6250 pps n - A / F )
Accelerometer Loop: Analog-to-Fr equency Converter 0-6250 pps (A/F)
SGAP/ATS Computer Interface 160 Hz (F/D)

F I G U R E  14
S U M M A R Y  OF ATS COMPUTATION AND I N T E R  FACE RATES

aata ” , the  ATS computer  fo l lows the command transmission with an “Execute ”
pulse. The 16 computer  clock pulses follow and the  data  is entered into n-he
ATS computer. The “Execute ” pulses represent parallel data transfers i n - n - to
and out of the Input/Output (1/0) registers . The clock pulses provide for
serial transfer into the I/O registers or the ATS computer.

The ASCOT and SSR—l command words are presented in Tab le 6. Each sua-—
s y s t e m  comman d word is assigned 8 b i t s  in a packed 16 bit ATE computer con -n -n -—
mand w o r d .  At  p resent  b o t h  the ASCOT and the SSR—l command words utilize
only 7 bits with one unassigned bit availab le for future use.

B c - c a n - n - s c  of in -s digital design i n -  was convenient to describe the qu a n t i —
z a t i o n  of  t in - c  Sn - l i — i  i n p u t s  and ou tpu t s  in the previous subsection concerned

w i n - i n -  n -he  S n - i n -n- — i  dc - s i g n  summe r-v . SSR— l d i g i t a l  i npu t s  were q u a n t i z e d  in Tab le
4; w h i l e  Tab le 5 q u a n t i z e d  the  dig it a l  o u t p u t  d a t a .  Range and ran-ge—ran -c
c l a n - a  are t m - m an - in -  t n - c  and rn -n --en - l ived in- 16 — h i t  words . Since r ange—ra te  data are
quantized with an-n- 8—bit word (7 bits plus sign), the extra tmassigned 8 bits
of the range—rn -ste word are available for future use. The range register cor—
rect~ cn (8 bits), status won-u (3 bits), sign-n-al—to—noise ratio (4 b i t s )  an -n-b
self—te st n-

n-
a _ i b m - n-i n-n- n - sc r e n - e  ( I  b i t )  are p a c ee c  i n t o  a_ rn -c - ln -6— b~~ t word.

As shown in F i g -ore  13 ASCOT n - n p n - n -n- an-n- c o u t p u t s  m e q u n - r e  D i g i t a l — t o — A n a l o g
(b / A )  and n -I n - n -a n-n-g — n - o — J i g i t a l  (AID)  convers ion p r i o r  to d i rec t  i n t e r f a c e  w n - t h
the ATS cc-n-n-n -n-pu n-er via the d a t a  bus . Tab les 1 and 2 summarize the analog AS COT
i n - n - p u t s  ac-n -a ou t p u t s , r c a p e c i n -n - v eiy . The quantized digital ASCOT inputs prior
to D/n -I conve r s ion -  are  p r e s e n t e d  in Tab le 7. Word  1 is packed. I t  c o n n - ; n - n - - t s
in the  8—bit ASCOT comman d word , tar-get subtense (7 bits) an-b the n-rack dis-
crete . ;~ords 2 and I are the horizontal and vertical pointing comnn- arn-ds .
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TABLE 6

ASCOT AND SSR-1 COMMAND WORDS

AT S Computer Command Word Structure

Bit Command

I 1 n- R n - n - n - n - n -n - n -  ~~ n - q e n -  S n - - n- u n - n - -se
- 2 R e n - n - n - n -~~n- n-n - H o r . z o n n - n - i  i n -n -n -u Vert ical Pc -n -nt ng Commands

3 : T r n - n - n - s r n n - t  Status . Sc~~n- n- Size n- n- ’ia_ Duty Cycle
ASCOT 

~ T ra n - c - cn - n -n- R n - n - n -  n- n- - n - n - r n - t n - n -n- and Ver t n - ca i  Position
CN~D
VVord 5 Tra n -- n-m n - n -  Hn-n- n- - io n- n- - n - n - i n - i  V r - r n -  cal Poinn- ing Errors

6 Tra n- n - n - r n - i n -~n-,n - r  L e n - n - -n-

7 T n - n - n - n - n - n - mt In-rn- n- n- i n - n - n- bn - n - n -n -htness and Background Non-se

S U n - n - n - S n - n -  n-n-
n- ’ n-n-u

9 T m - i n - n - n - n -n - n - n - n - n - R n -n - n -u~n - - R n - - n - j u n - n - n - n -  Coirection . Sn - en - n - is and S :gn - n - an -- :o - No ; n -e R an - o

10 A n - n - n - n -  n - o m o u s  V n - n - c n -n-

- 
A n- n- n- n-n- - n - n -  n - n - - i  T cu-

SSR -1 - - n- n-. n-n-
CMD 2 i n - n-n- n - n - n - n -n - I  yn -  n-in-n- t n-n-

~‘n - c - n - n - . 13 n - n - n - n -n - n - n- Sn - n- n- n- n- 
n-n-In- n - n - n - n - n -

‘- -I 1 c a n - n- n- - n - n i ; n -  R n - i  n-~ r~ 
4 : - n- On -n - n- n-n-

- 15 R n - n - n -n- n - v - n- R n -n - n - g in- 4 n - n - n -~

16 U n - n - n - s n -~~~n- n-n- n-n-n - c n -

TI13n- E 7
DIGITA L ASOn -Yf INPUTS

- Qu a nt ,za t ron
- n - p u t  Son - n - n - n -  n- n - r n - n -  _________ _________ __________________I

‘ Function n - n - n - _ n -_ n- n-n- ______ ______ ____________

- 
Words I N n - n - n - n - in - 

n- 
Len~tn Units 1.1SS LSB

~Tn- n- i n - n -  I ITn - r n- n O j OR  B B un - n-’n - n -
n-
r I n - A  N A

T : n - n- n- n- r n- n-n- In - n - O R  / n - - n- n-n-
n- t 2 n- 0,0195

Su n - n- n - n - n - u n -n-

~~~ n -n- n -n - n- n- n - T R n - n -  I ~~n - n -  n-n - A  ~n-n- 4n-n- S n-n-
O n - n - n - _ n - n - n-

~~~~~~ 2 ‘ n - n -  n - n - z n - n - n-~~~ , E V T S S C7 n -  1 Va ts 2 5  i O n -  3 1 0 1
Pu - n - i n - m g - Ec u
C n-n- n-n-n- n- mn- n - n -- n - n - n -i 

- n - - n - n - a - c- ~‘n-~ - n - n- n- n- E n - n -
~~~~~- n-

~~~ I 0 B n - n-
~ Vo l t s  2 5  0 000 153

Pun - n- n - n -  - r i g n- S n - q n - n -

- n - o n - n - n - n-n-n-

Sb

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~ n- n-n n- - . n - n -~~~~~~~~~~~~~~~~~~ n- _ n -n-  n n-~~~~~~~~~~~~~~~~~~ n - n - n - n-n- n- n- n-~~~~~________



_ _

ASCOT o u t p u t  quantization is presented in Table 8. Word 1 is composed
of a 2—bit Status word derived from the ASCOT ’s Detection and Acquisition
~)iscretes , a 5—bit Scan Size word and a 6—bit Duty Cycle word . The Status
word is defined by Table 9. Words 2 through 5 are self—explanatory . Words 6
and 7 transmit target levels , scene brightness and b ack groun d noise me asure-
ments. The quantization of these outputs is te be determined upon scale fac—
tor selection .

TABLE 8
D I G I T A L  ASCOT OUTPUTS

Quantiza ti on- Output n- Software IFunction ScaleWords Name I Length MSB n- LSBFactor

Word 1 Status Word JFSWA 2 Bits NA I NA NA
Scan Size XSCSZM 4 Bits 2.8 mr/V 2.5 0.31 25

+ Sign
Duty Cycle XDUTYM 6 Bits 10%/V 2n -5 0.078125

Word 2 Horizontal EVTSSM(2) 15 Bits 3°/V 2.5 0.000153
Position + Sign

I- I-
Word 3 Vertical EVTSSM(3) 15 Bits 3°/V 2.5 0.000153

Position -t- Sign  
________ _______n-

~

n-_

Word 4 Horizn ntn- ,; i XDVSM )2I 15 Bits 3°/V 2.5 0.000153
Pointing Error i- Sign 

________ _______ __________ 
-I

Word 5 Vert ical  XDVSM)3 )  15 Bits 3°/V 2.5 0.000153
Point ng Error + Sign

Word 6 Positive I XPTLVM 8 Bits TBD 2.5 0.0195
Target Level
Negative X N T L V M  8 Bits TBD 2n -5  0.0195
Target Level

Word 7 Scene XSCBRM 8 Bits TBD 2.5 0.0195
Bri ghtness

Background XBGNSM 8 Bits TBD 2.5 0.01 95
No se 

_________ 

- n - O n - I n -  n-S

TABLE 9

ASCOT STATUS WORD DEFINITION

ASCOT Output f Status Word I
I ASCOT Status 1 2 Bit I B ut 2
- n- I DETA I IACQAH, Low Hi Low

- 

un- n- n-n- n- n- n -n- I X X 0 C

i A n - e n - n - n -  n - n -  n - n - o n -~ X - 

n-

n- x 1 1 0

i Trn-jcn-c X X - 1

I 
_ _ _ _ _ _ _ _ _

n-n- n-n - I  n - n - n - n - n - n -. n- n - t n -  e 2 n- n - n -a rn- - . .  94
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n - n - .

~~~~~~~~~~~~~ 

n - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

n - n - - n -_ - - n- n - -
~~~~~~~~~~~~~~~~~~~~~~~~~~~~

_
~~~~~

-n- :’

R n - .~ n-~2 LU ~~~~ . \  - S PE R S O ~~ U\NCE ANn-b:n-YSIS

3 .1 IN I SRAC

The A llI S ?Ln - n - n - Jn - n - n - n - n -~n-’n -n -Ln- n - n - n - o l v s n - n - n -  tn - e s .- . in -~~l;. n-.I e d n -  I )  sn -n - n-n - n - -n - o r  s n - n- sn - n - en-n-n- n-tn -an-h n - n - n - n -n - n - n -~~ :n- —
I n n -  n-rn-o n-n - u  ~ n - a t n - c n -. .n-~~ :n-. cn - n - n - o . n -o n- n- , 2 )  A n - I S -Ic- I n-.n-n- i n-

n-
n-~~t e r  c - n - n - s i n - n -n-n- n-n- n-n-n -

n - n - c - n - n - 3) n - n - c - ro n -  t n - n - n - n - n - c t  cn - etn - n - : .n - n - n - na tn - cn - . n-n -n - n - n - n - n - n -n-- n - f o r - n - n - c - n - n - c e  c - n c - I n -n- n - i s .  b a _ o n - n -  of t n - c - i n - n -n-n- C

n - r n -n c - i n - a l  s n -n - b n - a s n -<n- n-n-n- n - s  n -scusn -n -~.n -n - in - n - n-n- rn-c followi n--n-p sun-sec -n-ion s.

4 ._  A l .n- n-CNn-OR I~ATR :n-ooi- :ln-n-n-

Thin -  n - - r n -n - n - n -, n - n - n - l  .- n - n -~ n- sen5ors are t n -c  Sb 2 n-~~
n-2, i - n - n - n -  - be trac ain-n-: sen-n-sc- n- n-n - n - n -n-n- th in - t

n- 
- SR — n- c - n - n - n - n - n - n- tr cn- n-n- n - n - i n --. n -n- a n -. n - . n - . n - r .  -n-1so n-nc len - _ n - In- n- In-n- c n-n-

n -I S  n-n-n- n - n - e n - n - a n -  n - n -n - n - n - n - n - o n - n -  n - n -n -  n-a
s t r n - n - a o w r n -  n - in - - r d -i n- n - n - e l e r o n - n - n -t n -t e r  pac i<n- age, SOAP . i I e n - . n - i I n - n - n - n -  f u n - o n - n - c - r n - n - n - t i  c - e n - t i n - n - n - n - n - _ c - r n -an-
n- f t rn -e n-n - S COT  n-n- mn-n- SSFn-—~~ n - n - s  wn-n-n- _ l ,  n-n-s a d ’n-n- n-n- n- n -- n-ss~~orn - on -  n- n - n - n - t n -  i n - n - n - n - C n - P a _ i  e n - n - c - :
n-n - n - n - n - n - n - n - n -s n - n - n - n -  n - r e s e r n -n-tin- d in VCCJIn-l ES Ii U I I I  , r e s m e c n - n - T v n - i -- l ’ n- n- In -n - tn - n -IS n-n- n - .n -t i n -n-
sn--Iec :cn-n- : m a _ n - : n - u m n - n - s  on-

n- 
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n - n - -

. 2 .1 . 1. ASC O T Tra ck irn -g  Loop Ba n dw in -dn -h — The ASCOT t racking ioop due to i t s
integral action has a bandwidth equal to the forward gain , K1, in rad ians /
second . From Appendix A ,

K - --5
K1 = —

~~
—- KTF * KDA

where

n
-
n
-
n
-
.~~~~~ Pointing error sensor gain , volts/degree

KES = . 2 6

T C Target subtense , degrees

KTF ~ Tracking filter integrator gain , volts/second/volt

= 33 or 66 (See Table 1, Input  7)

~DA ~ D e f l e c t i o n - n -  ar n -p l i f i e r  gain , de g ree s /vo l t

= 6.9
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Fin-un -c 17 i ll us t ra t e s  the varIation in the ASCOT tracking loop bandwidth as a
function of range , target size (aspect) and the selectable tracking filter
n-a i r .. Extreme conditions provide minimum and maximum ASCOT bandwidths . For
example , a minimum bandwidth of approximately 2.5 Hz is obtained at short
range (500 feet), large target (32 feet) conditions using the lower tracking
fIlter gain option (33). On n-he other hand , a maximum bandwidth of approxi-
mately 330 Hz is obtained at long range (6000 feet), small target (6 feet)
couditions using the higher tracking filter gain option (66).

500 n-—

0 1000 2000 3000 4000 5000 6000
Range - f t

F I G U R E  17
ASCOT TRACKING LOOP BANDWIDTH VARIAT ION

n- U P a - O n - .) o n-n-

i t  n -S c -p ? n - a r e n -n -t tn-a :  t he  ASCOT n -r ac kn -n -n -n -n - ioop dynamics wn-lI. color tIn-c
noise corrun-tong the measured pointing error. The noise corn -elan -n-on-n - n-n-n-a
W n - i n - L  var ;! fr o m  appr ox ion -a :e y 1) to  400 mi l l i s e c o n d s .  flowever , the ATE n -n -n - In -an -n -
Ang le Tracking Filter ban-n-ovum -h is on the order of 0.6 Hz. Tn -n -us f c - n -  f il t er
desi gn purposes the ASCOT measurement noise is considered white .

n-n-n- .2.l.2 ASCOT ~I~~~c - n - n - n- n - tin-n-n- n-~n -n - Non - n - i - a_ — TI-n-c n - n - n -n - c_ pal ASCO T n-n-n- Sn -c- su n-n -n-n -n-n-n- n-n- n- non-c-c
sources n-rn-n-cU can c-c n-n-oa~ leo arn-n-ivticallv are atmos ln-n-ern-c non-se, receiver
noise and glint. ASCOT c - tn - n - c - sn - n - n -n -n -n - ic  n-a r.O receiver noise models are n-n-’resern-llec
in- n - n - f )~~~~J~ TI Tn-n-s t e rm TIn -n-n- is used In -en -c to denote the ASCOT n-~easuremern-z
error C-c-n-n-- to a lack of n-orresn-ondance between the target ’s cern-ten- of n-n -rav n-n- .tv
and the measured t a r n - e n -  c o n -n -n - a s :  c ent ro id . The ASCOT is desicin-ed to m in im i z e
this error source ; however , it has not been quantified experimentally .
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Fn-gurn- 18 presents the combinea effect of atmosphern-c and receiver non-se
on n-ne ASCOT ’s mcasn-n-n-rement error in terms of feet at target range. n-n-n-igun-e 19
n-

n-n -Cesent s n-he san-ne in f o rm at i o n  in term s of measured voltage. Since ran&e is of
p a rt c n -.n-iar significance , the measurement error standard deviation n-a rn-re—
senteo as a function of range for various levels of scene brightness c-nc
target size. The n - n -n - e n - ss n - n - ren - r n - e rn -t error tn- -n-ic to atmospheric and receiver rn-on-se
reaches a maximum of ac-cut .2 feet (.7 millivolts) for maximum n-c-nBa c-rn-c
target size and mn - n - m um scan- a  b r i gh t r n -~~c -n - ,  conditions.

F n- n-  n- n-n-  Vn-n-s n- n- -  = 300 Vi m -n -rum OTn-n-~n- n-n - t  On - n - n - e n - n -n- n - c - n - 12 ~n-
A n - n - n - i n - n - n - n -v n- O n- COO t n - n-n-’n - n -n-n - n - n -c S n d w cn- n- rn- = 20 n-n- n--I n-n -

n - i n - n- n - m n -n-r n-  Target D . c - n - n - n - n - n - n - n - n - n -n 6 U T r s n - n - K n - n - l g  F i n - e r  On-n -n-
n- =

0-n - —n-
_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

3 2

~~~~ _ _3 2 -
~~~~~~~~~~~~~~J~~~~~
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F I G U R E  18
COMB iNED E oCT O n - n - ATMOSPHER C AND ~~ECE VE No n -SE \ O

The - n - a n - n - s  o f  n - n-n - n - n - r c s  In- - c- rn--n- n- 19 were cn-n- :.n-c-un -n-ed bn - n - n -’n - n -n-n- n-n- n - -n -n- n - n - n -n-n- n- Ic - n - n - cr  v a I n- n -n-i-

of s ei eo :n- i n-.n - l e  n - r . n - c n -n- n - :n-: i n - I n - o r  n-. ,n- n - n - n -  ~~I3 n - ;n - : ,n - s  ‘secc’r n - c / v n - i t )  n - n - n - n -n- ...n- n-n- n - . Of n- n- n - n - _ n -

U
n - n - n -~n -. n- n- n-in-n-n-.n - n - n - n -  of _ C n - I n -n- . 

n - n -n-n- effn-sc : o .
n- 

n - n - c - n -as _ rn - c n- In- n- . n - m n - n -n- n- - S n - I n - n - n -: : n - an - n -  n - n - n - -n-c

dc :r e cn- n-n- n- rn- n-n- the video n-~-n - n - n - O ’n-n -cn-~- n - n - n- n - s _ n-11n-n - s : r n - az n-n- n-i I n - i  Fn - n - n - n - c - - n -- 1.0 . On -m n -n- :

n-n- n - n - n -  a _ o r a n - I t i a _ n - n - s  cn-nly (n-ow scene ‘n -n -ic -n -n -n -ness, I n -n-ge tarn-c:) n -n -r n- n -i l ’n - n - t t n - n - n -t~~d .
IThi e po in t  a _ n - f  n-n- t n -.n - r e s t  I’n - c - r e  is n-ha t , t n - n - n - n - n  -n-n- n - n - L e n - n -  n - I - i -  c-n-n- n-- n-n-n-t Set ci _ c : n-  n -n - t in - n - n - e n- ,

n - n e  c-c-mb n - n - n - n - n - e n - n  -c- f  l en-n- -.. of an -n -c-n -n -s n-n - n - n - e n - n - n - n -  c-rn- n - n -  n - u c n - n - j v c n -~ n - n - c - i n - c  n-~ n- n-.n - n - n- n-n- n-n - a _n -n-
n
-n- .0 In -o n - n -n-

( 1.5 n - n - n - i I _ v~~i;s~~.
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FIGURE 19
COMBINED EFFECT OF ATMOSP HERIC AND RECEIVER NOISE iN MILL VC n-.n-1Ic-
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F 1G U R E  20

EFFECT n -) F VIDEO BANDWIDTH AND TRACKING FILTaR GAIN h’~ FEET
I i - n -  n - n -  65
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F I G U R E  21
EFFECT OF Vi DEO BANDWIDTH AND TRACKING FILTER GAIN n - \  ~ n-~LL V Cn- LTB 

n-
n-

n - n - n - n - n - a n - n -n - i - ? 64

Sn -rn - ce  n-In -n-e n - n - n - n -n - n - n - n -u oe of n -n - I - i n :  n-s unknown , n- n -s e f f e c t  n-n m i I l n -~n - c I - n - s  ci
n -n - ied Sur an - n - n -e rn- n- e r r o r  is n - r e~~~n - t e n- an-: Plgun -e .21. for  g l int  c -m n - I n -n - - c - tn - o s  of .c - , I n - n - n - n - n-

5 feet (1 o). n-n-n-ote tha n- fo r  a gu n-n - : error of orn-ly .5 Feet , the in-cc- sun-en -n -n-n-rn-: ‘1
rn-cIsc in -n- n-n - n - n - i 1 n - -n - ;o lt s  eXcn - n -n-n-n - C s  n - In -s n- n - n - n - n - n -- n - n - n - n - n - n - n - n - n - n - u x n -n - e o t e d  iron- . an -n -n -n - os phen -- ’n-c an -n -n - a r a c e i vn -n - n - :
effects fc n - r n-n- on-n-n -es i n - n - e s  n-nan 6000 f e e t .  r ian - i de 3000 f e e t  (n - n -urn -m n - c r y  c c n - n - n-in -n -t io : n - cn -  

n-

n-
n- - n-

the effect of  n - n - In -n t precon n - c - i n - c -. n-n -Ive rn - i f  n- rn -c ASCOT s uc ce s sf u l l ’n -  m n - n - i n - n - n - z e n -i-

n-n -in -nt, i t  seems 2rob~~n - ) n - a tha t e r n --ors  in excess of 3.5 ic - e n -  be ’n -w en -n -n -:n -:1-n-e :0rget ’ s
a_ enter c-i gravity n-a nd n -he c o n t n - n - a s t  c e n t r o n - n -n- c -r e  inev i t ab le .  TI -n -n -n -n -, n-ha n-s yen-
cn çua n -n -~ n-en -I g l i n t  a _ u n - n - c - c - n - n - e n :  ci ASC O T n - n - c - n - SC c - n - ? n - c -~~~ S to be- n - i

n
-n -C n-n - c - s n -  n-mpo::an:

f a n - n - n - o r  in-n - rn-un -se rn-n -on -’n - elin - n - c - n-i n-u should be a pr inci pal i t em fo r I n -b c - r a n - c r y  and
flt grn -n- test investigatior ..

4 .:~~~.3 n-~~.T:n- c
n-

n- - n- n - n - -n- n- n- n- n-n-n- n- - n-I- in - n - n - n- Ic - n - — n - n -
n-
n-n-. : n - r : rn - cn - ;n - . .n- cn -b n- n- n -~~~n - n - n - v n -n- n - . n-n- n- n-- n - I - O n -n-TI :n- n-n- t n-n-

model v a i l d a n io r n  - d u n - i n n -. c -n - n - b s e q u e r n -t phases of the AGFCS pro 5.n- n-i-n-n-n- z n - n-a ’n-n-I~~ in --n- c_ a ce :

o ASCOT C c- l ib r a : t i n -n-n -— The ASCOT p c n - rn - z :n -n -n- a_ on - c - n - n - an n - i  and ~ c : n - n - n - n - n n -  n - c - m o :
measurement circuitry -n - n -n -o u ln - n - be pr o --d c-ely cal=h:a ten-a n - cn - n - n -n- z n - i v n - n - n -g
n o n l i n e a r - I n - n - es or a n - sn - n - r n - n - i o n s.

bn--+

- -  _~~~~~~~- n - n - n - - - n - —- — — — - -  -~~~~~~~~~~



o Pointing Error Measurement Noise — The total pointing error measure-
ment noise should be quantified . This includes bias and systematic
errors , random errors and their correlation period .

o Ang le Glin t Error — A thoroug h experimental study should be conducted
to specify the ability of the ASCOT to track the geometric controid
of a targe t under dynamic conditions .

o Miscellaneous Errors — Design testing of the ASCOT circuitry should
be conducted to determine such miscellaneous error sources as scale
factor accuracy, scale factor variation with temperature , amplifier
gain variations , noise pickup in tracking circuits, etc.

o ASCOT Detection Performance — Analysis and experimental studies
should be performed to determine ASCOT detection performance for
various conditions of range, scene brightness, search field size, etc.

These validation studies require the use of appropriate experimental test
facilities and procedures which could be performed in conjunction with hot
mock—up testing prior to flight test.
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4.2.2 ATS Range Sensor (SSR—l) Math Model

Based on the SSFn--i design description of VOLUM~ Iii, the ATS range sensor
model presented in Figure 23 was developed . When operating in in-s Augmented
n-racking mode , the SSR—l ’s autonomous tracking loop is opened by : I) 10301—C
n- he range regis ter  by external (ATS computer) co~ nand with estimated r ange
iron the Range Tracking Filter; and 2) setting ~ 1 and S = I-. The rn - in-c-c mean-
c-~ gnificant bits of the ran-me n-en -n -sn -er are used to position range n-an-ac - 4 c-m.d
5 about the fil ter - c- es n -n -n -n - c-n -~ d range so that Fine ~R represents n-ic-a e n - r u n - n -  in-n-
estimated range sc-c-on-In-eu over 10 returns, plus the seven least si g c - i i in -o a n t

bits of the range register . Tin-c measured range register correction is,
therefore , n-he difference between Fin-ic Ln-R and the seven-n- least sign-c-ifican- :
bits of the range regiscer. The measured range register corn-eon-n-c-n n-n-s n-I-n - c- rn -
added to n-Ic-n -c- range register corn-tents to provide a n-on-al ran -n-n-a macsureman:
every I/o4 second . Fan-n-n- consecutive range rn-n-easaremern-zs are averaged n-n-c-
ATS computer to obtain radar measurements at the 16 Hz rate required b y n- I n -c -

Range Tracking Filter .

ThIs  model in-nc n-n-n-aces n - I - n - e n - prn-ncipal SSR—in- noise sources , receiver nc-n-se c-rn - ri
ran -n -ge g l in t .  Also shown are radar pulse rates and per :irn-en-i: eiemenn-s of n-dn-a
ATS camp-a_tar software , sn-n -n-ic - as , interface sampling rates ac-on- measurement
averaging computations.

4 . 1 . 2 .1  1 S F— I  ~ easuremern- :  hoise  — Sources of range error n-mn - the SSR—l are
given In-n- Appendix B as:

o Clock and Propan-~n-i:ion Errors

o RF to Clock Time Crro:s

o Radar Signal—To—NoIse Ratio

o Recn-ever Time Cairn- Stabil n-c-

o Variation n-In I? c-n - -n-n-n - Video Amplif ier Delays

o AI D  0n-n-ndow Varia;icns

o Differential Gain in Early and Late Video

o A/D Converter Sn-las

o N o n - s e  n- fin-c-u _n -n - 
n-
n-f a n -o e O  C:n-c n- n-n-its

o Target Refieccion Characteristics (c-ann-c Glint)

o ATS Din-n -n -al Computer n- n-n- c- n-: n-
n- ace  Q u n -n - n - n t i z a n - i o n

n - a n - n- n- of n -dc -se n-n- n - n - c - r u e s  n-n -n - a_ n - s n -n -u s s e d  n-n n - e t c - n - n-i in-n- n -nc  an -n - cern -n -n -un, n-ho-n-In-n-n -mn--n- :n-.:n-n-n-n-n - n - s

are summarized in Table 10. n-chic 10 c-I-n- n -c- cIn-~euiiies c- n- 3 :I-n- error :-~urcn- c-s
e n - n - h e r  rn - n -n - th a n -n -n - or n - n - l a s .  n - n - n-an - a _ I n - n- s i f n - u n - n-n- n - n - n - n -n - rn - n - n - ba c -n -n -n -cn -  c-n -n - :1-n-c n-~r n - n - n - c n - .p n-n- n-:an- c c - n - —
relation- n- in-n-n- C c-f each en-ocr. Errors n - n - in - l a _ h n-n -ave a Ion -n -0 co r r ela t i on -  n-in-n-n-n- in -n -
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comparison to the Kin-S Kalman Range Tracking Filter ’s predominant tn-n-c-n- n-rn-n-rn-a: ,:
(2.4 sea_on-n-C ) are constin-ered to be bias errors . Errors with a reian-n-ve_J ~ n - c - o r n -

correlation time are considered random errors.

Table 10 identiFies three predominant error sources: 1) error ouc n-c-
radar ’s signal—to—noise ratio ; 2) receiver t±me gain stab~ lin-y errors; c-nc 3)
range glint . Each of these errors is taken into account in the I-tc-i~n-n-c-rn- Sn-~~n-c-ge
Tracking Filter design . Tn-c effect of receiver time gain stabili;j -rn-n-r n-n-- in-s
n-n-n- ln-rn-:mized by compensatarn-g f or  n- in-c error as a function of range n-n n-Ic-e Ali S
cc-m~uter . Figure 24 presern-te the compensation formula and n-ha corn -pen -n-san-n-c-n--n-
as a function of range . Errors due to sigrn-al—zo—noise ratIo c-rn-f r an -n-~a n-; ln-n-rn-t

are random errors whn -c1 -n-. an-n -c an-n-cour.:ed fo r  n-n-m the Kalman filter measu:~ n-n--n -n-n -n t
model as a function of measured signal—to—noise ratio (see Subsec:n-n-cn--n- 4 . 2.3 . I . n- ).

4 .2 .2 .2  SSR—l Math Yc-oti Va In -da n -n - c- rn -— Unlike :1-n-c ASCOT m an - n - n-n-n-on-n-el, n-ic-e S S n - n - - n -l
math model is well establisdec bSCCQ upon-n- previous subcontractor exmern-e:n-n-e

in similar radar designs c-rn-f the long history of the use of radar n-n the n-n-ir—
to—air combat environment .

The n -n -a g on - l n -t u d e  on -i n-In-n-c receiver n-n-me gain stabilIty ern-ora after n- on - rn--c-n-n-n-c-c-a-
n -ion - in n- Ic-e ATS compute r  can be esn - a o iin -hc a c -u r n -r n -n- 1-n- o n-n- mock—up . Tn - -n-c -
due to signal—to—noise ratio can be measured by experimental testing . - n-

TABLE 10
SUMMARY OF SSR-1 ERROR SOURCES

Error Standard Dev iat ion -

~ rro : Sour ce -

I Bias Rando m

Clock an-n - n - : Propagat ion Error 1 0.8 —

RF to C : c - c n -n-~ Time Error i2~O 3n-O

Sn - g n a ; n - t o  N n - n - i  Errors 
- 

5/ n-
n-
~~~ S\R

Se a _ n -n- n- vn - ir  in- me n- a_ n -n - n - n -  S n - c -n - n - m n - t y
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R E C E I V E R  T I M E  G A I N  STABILITY COMPENSATION

4 .3  ATS KALMAN FILTER DESIGN

This subsection reviews n-he ATS Kalman tracking filter design . :rn-cluded
are ciscussions related to the overall filter design approach utilized for
the ATS , as well as the specific designs selected for the ATS Range TracICir .g
Filter and Angle Tracking Filter . The ATS tracking fn-iter desigrn- em~~iovs
optimal Kalman filtering and predlction-. methods. The word optimal Is used
here w in -h  reservation. While optimal for the icealized ln -near  system n-n -sec
in its original derivation , the Kaimnan filter is not “optima l” in - n - n-he real
world of air combat. This 15 due to n-he In evn - :ab le  m i s m at ch  h e tw e r - n- 

n - n - n - c

n--n-n- n-n- .n-n-l c~~ er a tn -n - n -
n-n - envIronmen t  an - n - a _ n -the Svpon-Ic-e::cain -wcr c on- n - n - i  n - h n - n - n - n -~~st .

:n-n-n-ver :heless, n-he c-ppm — an -n n-s useful anc valid because n - n - in - n - c - van - e n -n - a Sy stem-
on-ac rn-n -e t

n
-rn -ou of incorporating kr-own target f’n- namic equations n-n-rn-c n-~n-n -:n-n-n-n-n - n -n - c c e  of

n -ne  c n - e c - r e e  n -i  u n c e r t a i n - n - n - v  in sensor measurements into tIn-e n - n - n - n -~~~~ processarn-~n - .
Care rn - n -n - n -bt he taken , however , to  m ir n -± n -n -n - i z e  t h in -  s e ns it i vn -n-tv of n- n-n-c e cu a n - i o r n - s  n-c-
c-ny nn-smatch between- operating conditaorn-s an-n-c oesn-Igr~ assumptions . KiS n-ran-n-K-
ing f i l t e r  sens i t iv i t i es  are discussed in Subsectio n 4 . 4 . 3 .
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n - n - ~~n- n- n - n -n- n - n - n - n - - n -  n - ’_ , n - n -  

n
-~~~

n--n-n-n- n-
~~~~

n-

The n-asic structure selec tecn- for the ATS discrete Kaitnarn- f i n -t e :  is
presen ted n-n - , Figure 25. The fundamental concept is to compare the
measurements , 

~~~~
, to n- I-n-c actual muasurements , z1; n-Ic-e difference ~res i cn-u~~n-~)

oeing a measure of the error in the on-edicted target state variables , ~
j.

T n - n - I s  error is n-hen n -rn -u ln - :?lied by n-he rn-Iolmarn - gan-r. mat rix , K , to prov :din-n- con -—
n -en -n - Ion terms to the p c a f i n - n - n - e d  ~argen- s a n - n - n - c .  n- I-se n -n - in - c -ci tn -c  c o r n - e n - t n - o n  t e rms
and the -c -n -ed icn -e~ sn-a te prc-v :n-in-r~ n - In - c es:n-n-an-~ f n- c-r n-n-~et  s t a n - n - , 

~
n - - .  TIn-n-n- c-n-cdfc:ea

target sn-ate , 
~~~~~~ 

n-is corn - p oseu  of the oyrn-~a_n-n-ic responi n-n-i n-he c-yin-n-n-em cue n-c
tile ?cao: estimated n-ar— en - state plus n-he effect of extan -na l n -n -puts , a n - .  Im-
plementation of the fn-bn -er, therefore , recn-an-res a d’~:n-ann-c model c-i an-c n-ar-ge :
an discrete f o r m , a mon-el oi n-he measurer-en-n-n- process n-eh ia_ h t r a n - n-c-i-c-rms c-n-an -c
var iables  in to n ec - sn - men -n-n - va r iables , c-rn-Cn- c-c -n -n -n -n -u t at io n of n -ne  iCc-Inc-n-. n - n - n - n - .  m a n - r n -n - x .

A summary of n-he Sn -sn-n-rate n-An-In-sn-n- filter equations is presern-cec _n Fagun-re 2r1 .

These equations were n-c-sen from Reference 2, which also n-e ec - -n - a n-n-n- :he~ r cn-n-rive-

n -to n . The approach used in deriving the d y rn -amin - n - an -ge: model an-n-c n- Ic-e measure—
nsentn- modeLs will be presented after discussing the s c - l e n -n - i n - sn n - n-i n-he Jilter
coordina te f r a m e .

Measurement n- ~~~~~~~~~
— —

-Vode

a_~ 4 Den-n-v ~~

Pred cted I ? r s n - n - n - C n - e O
Men -n - su r r r m e n t n -  - State -

Estimated X -s 1
Kalman Gain Stn-~n-i

Z n -M s u r - ~~n-~~~~~~~~~~~~ K 
~orrection~~~~~ 

X

Terms +

A m o n g Pn- T -

Inputs Dynamic Von-mn-
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Dynamic Modem Measurement Moaei

= ~~ n-
x + I- 1 w n - n -i O n - n  - N — i n- = j in-x n-n- n- I = 0 n- n- n- n - n -  N ,

Where E(x 0 ) = n-g Where E(v 1 ) 3

E(w 1 ) - E(V v 1
T )

E1x 0 ~~ ~
xo 

n-
~~o i T = M0 E {w 1 — W~)v~

T = on- 0nc

E(w1 —~~~)~ w~ 
_
~~ )T=Q 1~ 1~ E(x 0—~~0)e =0

E(w
~ 

— 
~~~~~ ~ o 

— 

~~ 
T 0

Estimation A gori thm

= + K~ (z 1 — H:~~1 ) n -(I 0 n-~ n-~n- k n- Where k ~ N).

Where ~ + 1 = 
~~~ 

+ F1 .  ~~ 
Given

K 1 = P H 1T R1~~

P = (M 1~~ + H~ R 1
1 

H~~~~

n
-
n
-
1 = M1 — M H7n-)H,M H7-f R 1 )~~ H1 M1

M + 1 = 

~~~
Preon -ct orn - Algor ithm

x , 1  + i ~~~~~i~~i ~~
I’1~~ 1 ; l = m . m~~~ 1 n- n- n-n -)m> N)
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G r ,4 0 n - 2 2 n - n - 2

4.3.1 Coordinate System Selection

An impor tant consideration in connection with target state estimc-n-n-~~cn-c-
and prediction techniques is the selection of the coordinate reference frame
for system computations . Problems associated with many two—axis tn-c-chin-n- n-
systems , due to n-heir use of non—roll—stabilized line—of—sn-gb: coorufrn-~ :c-a
associated directly with the tracking device as their computation fin-c-n-in-i, were
discussed jfl Subsection 2.4.1. As discussed in that subsection , a roll—
stabilized line—of—sig ht coordinate system was selected for ATS Kalman filter
design. In addition to avoiding the cited problems , n-he selection of n-A-n-as

coordinate system for tracking loop computations yielded a mn-tore systematic
variation of the corresponding target states , thereby contributing to itt—
proved target estimation and prediction . Other advantages in the use n-i the
n - o L s — s t a c - 1n -Ized l i — n - e — o f — s igh t  system are: 1) the decoup iir .a_n- of n -ha n -In --n--an - c-c-n-

n-c-n-n-. n-raven-se n-racking dynamics; arid 2) its close p h v s ic n-n- in - n -n - r n -u s c - n - n - n - n - s n -c-nn- n-n- n - n - n -

n-ha measurements taken by the ASCOT angle sensor. ASCOT meas-urencnn-s are
n-c-ken In- ri a focal plane which maintains  a f ixed ref erence w i t h  respec t  n-n - n-bc
c - n - r n - rai n - bocy axes. n-Tn-us, a simple rotation matrix n - e la t e s  n -bc - n - n - o n - — r n - A n - I —

stabilized measurement plane to the roll—stabIlized t i-c- n-er plane . n-n- n - n-  
n - n - n - n - s e

physIcal comrespor .dence also prompted the following selection of n-n-he Ann-n-n-n-
Tracking Filter state variables: 15 the error in e st in -n - n - n - c d  target pos i t ion ;
2) relative target velocity; and 3) total target acceleration . All are de-

n- 

f ined in a p lane at target range normal to the estimated line—of—s ign -n - .
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. - i . 3 . 2  T a rget  Dynamic Model

The bc-sn-c r a rge t  cynan-n-n-n-cs in-c - ro l l— st a b L s i z e n-  n-n-ne—c-f--n-n-ight co n - a_ n - In-n-sn -en -

are d e r i v e d  in Figure 27. Tn-n-a basin- target states in-c -n-n-neSe n-n - o o r n - n -n-n-nc-tes  n-n-
n- -:n-n- R

c-nd R , n- ( 2 )  and &n-n- (3) In n -rn - n- range , traverse and ~levn-n-a on-c -n-n-ordinates rn-sp ec—
::vel y .  The target  acceler atn -or .  r e L stn - a’n-n - e  to the attacker IS unkn-c-cn-n -n- n-n -n-n-n- musn-
be n - n - n - n - S n -n-An-n-c-a a ?:~or: as a rn-n -c-a_n-c-n-n-n- process. ‘IocelIrn-h of n- ic-c- target sn- cn - c e i n-sn- r 2n-::n-n- rn-

w a l l  c-c Siscussec in c-orn-n -  t n - n -n - . In-I. n - n  su b se cn -n - an t  Pa:c rn- .pn-s cm -er fire: c-orn -an-ce:—
n -r i g  ta_n-a n -n -on - l inear  torn-n- of the t a r g e t  dynamic  equat an -ons .

Ka lmn - ar n -  ~~~ n -ct  n - Scar y  as or~ b~ n-n-a n- 5 pub l isnea n - n - n - pln-ad n-c- Lsrn-eac -c-y r - t n -n - s
c- rin -y . i t  n-~~~ co:n -vcn -icn -en: lv  ( bL a  no: O~~~t i n -c -cn - in -n -~~~) axn -cn-n -rIoc to non-In-in-n-en-ar systems
n-n- linen-iriz~ n-i trie Svn -n-n -n -r -n - a_ e n - n - a n - n - c n n -  n -bout  n- he c c -t n - n -r n - n - n - t n - n - n -  state van -n- n- n -n -c s .
Tn-n-c-n- , t e c hr n -c-n - c n-n-a is n-j an -n - n - n - a n - n -- n - I ar I n -’n-

n- 
n -n-p n- - C  n-n- c alLs  n-c  ac-e tcr~a: n-n-ynan-cc-n-c e qun -n - a n- on -n -n -n- n-.

by n-n- a n - n - ln - n -n-n - u r i n - n - r
n - : rn-Sn --cen -n -n -n -un -n - ,n - :n- n-n -ge c-nd angle  n-n- n-n -~~c.-n- n- n-c-g f i n - t a rs , n- Ic-e an- . cn-va :n-c-n

an-n-n-n- n-cc-verse filn-n- :n n-Oc-Su n-n -n -n - iLe sy s n - a n - n  -n- - n - -n - n - n -s can- be fcd into n -he rangn-n- en -n-j u a n - a n - n
n-n-i a n- in--n - c a r  -n -n -can -n -n -n -c-. Sn - n - n - I n -n - n - n - l i -, ran -,50 ari a r u n - ge— r an - a  c c-t n -n c -t e e  cn-n-a_n-

ba fern- n - n - n - n - n - each of tn -n- n - angle equatiorn-s giving n-hen-n-n -a Tin -ear  s t r u c t u r e .  Tn-c
cesuitln-n-g l inea r equa : In-ons  are;

(n-~~(2) 
2(35) n- n-n- -

~~ n-ia~~l)

P(:)  = V ( 2 )  - n-
~~ ~~b )  R

V ( 2) = - (R / R)  V ( 2 )  n - n - a ( 2 )

?~ 3) = V ( 3 )  = ( 2 )  R

V ( 3 )  - ( R / R )  V ( 3 )  + ic-~~3)

i~o a . n - i n - n 2  n-n-c n - n - r n - en - a c c e i e r a n-n -n -j :-.s c-olin-icc-n- c-c-d or : n - n-c-n-~~cc-Ls n-c the n-rn -n -sc-n
LOS is a h igh ly spen -cn -n -Ian-ive process and one must n - c -er a_n-n- s n-n- c an - n - n -  n -n - .  t In-c c A n - n - n - c
of a model . Ton- elaborate a model  can result in-n -a n-n-n-as :n-c-n-ch n-n-en-wean-. n-in-a Ls~n-n-en -
Sn -n - sn - grn - assumptions n -nd the t rue  opera t ing  enviro n-n -n -n-ec-n -a an-S len -n - a to  n-a ten- n-n-n--
stability. Because of the b n -g Ic-lv a n n - e n - t a n - r n -  nature c- tin-n- ccg f I~n - n - n - en-n-vn-rorn-n-sern-a_ ,
n - n - r g e t  a c c e l e r a c n - L o n  n-n-n-n-SeTh with two levels of sop ha san -n-a:n-cn were corn-sn-den-ed.
The more comp licated n-n-on-el n-n-n -i s a f i r s t — o r d e r  Gau s s—N an -sn -n -v process; whale in
the simplified model tan-~n-et acceleration --s was modeled as Cc-us c-c-an, white rn-oi~ e.
Use of the fir sn-—order Cn -u n - s— hc - rc - o a-  pro c -n -n -a s  r n -n - squired n-i u gn - ann -inp n-he n - c - r n - c - :
sn-ate variables by the accn-Icrn -n - n-ion -n- c oc-n-p n - n - n - e r n -n- n - n - .  n - r n - a c - n -  cc an-count for n-i-n-a

h ypothes ized t In -n -n -c c o n - n - c - I c - t n - o n -  of n- n-n -c t arget  an -ed e n - a n - n - n - n -sn- n-n-ynacn-ic-s. Ain-t1-n-oug1-n-
n -n -he moore scp : n - = s t n - c n - i t e n - i  ron-C1 ren-ults in in -en - cc - san -  f a L se r  compIe:.n -icv , n-be
n-racker n - e rfn - n - m n - n-~nce in-n - n - n - n - c  -n-n- n-c y r - an -n-e n - c a s e  n - n - I r An -  was a_i n-n- n-n - n- sn- n-n-n- n-n - n- n-n-n - n - n - n - a ;. n-sn - n-n-i
n-ne n-on-n-in- n-n -n -r n-ic: acn-n -sn-.n-e n -c-tn -n -n -c-n n - m n - s n - C a n -  n-sf n - t n - I n - n-a ive  ~ n - n -n- a s r a n - n - n -.n- n n-s — sn -an - c- an

- n- the  t a rg e t  S”na:n - I.~ c r , an- n- onn -n- in- Tig -ur e  27 requires ic-_ I u d n -n g  ;n-n-n - s c:  c - n - c an - er—
ation zn -n - n- c-ese n - c m - a n - n - n - n - n - n - s. T n - n -  n -n - a l  com m - t a r  analmeas an-.n - i i c a n-n - n - n -: n-San- n-an - n - n - n - n -t
n- n -n -tat target n - n - n - c c - l e n - a n - i n - n - n -  re :jln-s n -n  in-c-Q n-OVn-n-n-  n-an-n-n-c-an- ~~n- n - c - n - c - t n - n - n - n -  n - s n - n - c - a n - n - o n - n -
n-n-c - c m - n - a c - n - c -. n- n- h an- c- , n - In-c An-S n - n - n - n - n - n -n- . n-in-c-g L s In -er s  m - t n - i n - n - .c n - n - n - i n - n - 

n - n- n -n- n- r n - - s  sn-auss—M~c-n-n-wv
model of t o n - r A n -  target c - c n - c = n - n -ran - n - n - n c-nc-sn-rn- an -n - P a g a n - c -  2o .
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In -2, tI r~~t rn -  n- .oorn-n-~dte System U n - s  Vector Trian-

~~~ :i~ ) I ~~wn-2n-2

ror Roil Stabilization , W(1) = 0. in -

— R = R + n-n-a_ x R 

n 
-Attacker

— 
~ 2

d

dt 2 — - — — — —

=~~~a( 1l  ~~~+ ~ a(2) 2 + ~~a ( 3) 3

Where ~ a ( 1) .  -~a( 2) and n-~ a( 3) are the Target Accelerations Relat ive to the Attacker Along anu Orthogonal
to the LOS.

Expand ing in Roll St abi;izeu Fi lter Coordinates ,

R = (w 2 (2) + w2(3)) R + I n - n - n - A )  ~ange Dynamics

R= 2 — tn-n-s (2 )  + Elevat ion Dynam ics
R R

R
= —2 — .n-n-n-n -l 3 + —n-n- Traverse Dynamics

R R

Selecting target position and v e loc(ty orth ogon al to ttse LOS as state variables the Tr averse arid Elevation
Dynamics become:

P( 2) = V (2}  — w (3 ) R = 0
A Traverse Dynamics

V(2) = — —V(21 + In -a ( 2 n -
R

P(3) = V (3 )  + w(2) R 0

V(3) = — —V (3)  + ~~a (3n 
-Elevation Dynamics

R

FIGURE 27
TA RGET DYNAMIC S iN ROLL -STABI L IZED LINE-OF-SIGHT COORDINATES
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4 . 3 . 3  ATS Sensor Measuren-n-n-ent Yodels

Math models of the pranc~ pal ATS sensors , the ASCOT an -n-d SS~ —l , were
nresen ted in Subsection 4 . 2 .  These models must be linear-n-c-ed c-no simplified
for incorporation into the Kalman cracking filter equ at i o n s . Lir .ea :izc-t ion- .
an- required in order that the measurement models conform to n-in-n-c b a s in -  hn-’pon-h—
eses used In deriving the Ken -In -rn-ar. tn-In-er n-can-n-ion s; sin-n-n-1n- in-Iian -a:n -on- n-a n-ccn-n-n- n-n-n-d
so n-hat a n-ran -can -al fn-An- tn-er n -n - e d - r n -n- an - c - a n - i o n  n-~~su l n - s  fr — n - n - n -  n- Ic-e :esn-n-~~n-n-n -procedure .
n - f n -

~~~ c- the primary considers-n-Ion here Is :~ n-c development  of simp l If i ed  nec-sun-e-
n-n-n-ant n -n -o n - e m -n-c- suitable f o r  pr a ct n -c a l  in - n - n - cor~~o r n - n - : I o n  n-n-n n-Ic-c n-n-n-c-An-n-sin sn-dn-’S f i lt e r s .
n additio n-n- to the A SC G11 and SS%n-— I measurement n-oSn-l~~~, in -n - an -n -c -an - sensor models n-n-i

n-he sn-rapn -Sown gyro/accelerometer package, SGAP , are required .

4.3.3.1 ASC311T Mu n-i sun-en-nern-: ic- n - n - I n -n - n -  — The sin-in -1111cc c- c-n -n-n -n - Ic c - an- n - n - on -  mon-el  ac-en - In-s
n -n - c - n- n - n - S rn-In-amn-n-ar. falter is n-n -cc -en -n -c-ad in Fa ~~s:e 27n- . Thn-i ne-n-n-n-n-c-n-n-an - of the more
complete non-el  of Figure 16 to t n - a n -  c- i  figure 29 was accomplIshed by n-he
fol lowing steps ;

in- Sn- er  I — MoacI  all  rn-n-c-se sources as GaussIan , ‘n-n - n - n -I n - C  n o n - c - c -  n- n - t CC C S S C c

win - Ic  -a t o ta l  s tandard c-evia-t in-on of on- vol t s .  Thn-s szancn -ar d  n-ev in -n-n- n - n - n - o n -
inclaoes  n - i -n -rn - con -b an -n -en - I e f f e c t s  of gI n-n : ; a t m oc -p n e r : o  rn-case , n- cc - en - n -n-n - a n
noise ; quaatizc-rn- .n-n-n-i and A/n-i) conversion--i; b-n-n -n- n-n-on- n-ne effect cf n-n-c-e
IC—san -p in-e sn-noon-Ic-ing , ‘

n-Tn-n-is approach rn-sfn-n-n - e cn -n - s our tn-an-n-n -n-c-ma cnc -a tn-c-a, wc-n-n-n
modeling noise processes for Kalman fi l n-er i rn - ;  un - n - in - h . n - n - n - n a no : wel l  c-a n-n-wa

statistically, a white noise model yields better pen-torn-c-rn-ce n-ham- a
colored noise model which- does not perfectly snatch the operational
env ironment .

n-ji)n
-n-e n - \ O n - S c  c-n -

~~~
n- n-i n-

Tar qen- ? u s n - t n - o c - n -, 
~Ts T n --in- n-n-

n- 
~~~~~Tc 

- n-
~ 

-

C-iCFS 

n- 

n- 

Tc sTT

l~ n- rn n - n- n - n -n-d I I Simpi n- en- ASCOT Vn -e~ s u r c m n - r n n -  n-Vn -juel

T n - n - q e n -  P o s n - n - n - o n -  i-n- -

T V T F 
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~~ ç~~ 
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o Step 2 — Neg lec t  ASCOT internal dyna mics . This approximation is based
on the relatIvely high ASCOT tracking loop bandwidth (2.5 to 330 Hz)
in- comparison with the basic tracking geometry dynamics and on its
wide variation with range and target aspect (see Figure 17). However ,
the effect of ASCOT bandwidth on was taken into account .

o Step 3 — Neglect second—order effects in sensor/geometry transfer
tu ac t ion , i . e . ,

K K
R c-os c c-os n-n- GC F S (1,1)

o Step 4 — Manipulate block diagram to place sensor—to—filter coordinate
trans formation before the ASCOT model. This manipulation provides the
desired Kalman filter measurement ; i.e., it properly relates the
transformed measurements to the filter state variable (pointing error
in jilter coordinates).

The angle sensor measurement error model used an the ATS Angle Track ing
Filter is presented in Figure 30. The error model was selected princlpally
on the basis of Angie Tracking Filter performance analysis rather than on the
b asis of ASCOT error analysis. The main reasons for this selection method
were:

o The ASCOT err or analysis was based onl~, on- theoretical predictions
and did not include experimental test results.

o Thu magnitude ot a potentially significant ASCOT error source, sin-gle
glirn-t, is unknown.

o Since the ASCOT/A n -I S Ang in-a n-racking Filter in-ten-face utilizec the
combined internal/system feedback structure disn--n-n-ssecn- in- Subsectan-n-r.
2 . 4 .1.3 , the selected values of the angle sen-c-or measurement error
model Ir an - an -n - n - e t e r s  n - an -  s i g n i f i c a n t l y  a f f e c t  th in- overall ang in-a tran-karn-g
loop performance.

Tn-c-ern-fore, a: n-i-n -is sn-age of the  An-S deve n-~opmenn - a conservatave approach was
foiloweo ann-n- n-c- ri error model with pessln-n-n-n-istn-cally large n-n-on -se was n-sed to
design the An-S An g le Tracking F ilte r - The An-S software desn-gn, however , per-

mits n-he measurement model parameters to be supp lied to n-he ATS comp ut er as
input data. This will allow optional refinement of the filter design in
later phases based upon experimental results.

si . 3 . 3 . n - n  - n-~~~ n-~n-~~~ n-~~~~e as u m e n -n-en-n-n-n- Mon-el — The sirnn-Ii :ied n - an - g e  sensor model used n-n-n- n-
n-h e Ka lman Rn -n -n 4 e Trackin g  Filt e r  c-s presented n-n Fc -gun -a  31. The red-n-c-tn -n -inn - of
n-he mon-a complicated model n - f Figure 23 to that of Figure 3 was accompic-shed
by the following steps :
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o Ste? 1 — hoc-e l  n -- in -I l  noise sources as Gaussian white :n-oise processes
with a total sn-sn-~ard deviation of °R feet. This standard an -n-van -c-n -n -on
reflects the combined effect of: range glint , receiver noise as a
function of mcasured signal—to—noise ratio , quantin-zatn-cn-n-, n-n-n- /n -i n-on--
version, an-n-h the 16—pulse smoothing. In- does not inc-c-un-n-n- n- an -n -a efiec:
of 4—samp le n-averaging . As in the case of n -n e angle n - rn - n - c - on  f l_ n - e m
rn-n-on-n-ae~~, un-n-n-certainty n-r n - n- n-n-e eX act  n a t u r e  of n -he st a n - l s :n -n-n-n-n- n-i1 oem-c-c-van : c-I
the noise prompted the use of the wh it e  noise model.

o S t ep  2 — T i n- In  -= 1, = 0 and the range register set at 3n-,

fn-Sn- n - R s — R

sn -n -bc - cn n- : S deno t ing  n-he l 6— n -u l se  sn-on-n -hang of the range—gate vain-cc
integrator , so th a t

Rn- R -r = Rn - = R +

TIn -c n - n n - l~~:p a n - e a  v an - l an - i o n  in n-K n-es a funct ion of range ~signn -n-n- l — n - n - — n - n - n - s e
ratio) is sn-own- n-in 2lgun-n-n-a 3 2 .  (See Ta n - dc -  10 fo r  o~ equation.)  An-n- in-n -d a n - n - a n - c c

by the fi hure , no particular ban~ fit should be realn-zed by acaptang c-n- n-c
radar signn -n-]n- — tc—n -n -oioc ratio n-it c-angus less tn-c-an flOG teen - . In- as on-n- lay an -
Lon g ran -n -ge con--d in -n - ions  n-n a: n-n-~ is subs tan t i a l ly  a f f e c t e d .  Row~~vn-n - n-n- , n - n - n - n -  capa-
b i l i t y  was provided n - n -  n-in-c Alan- S design- . t o n -  f l i g h t  tes c evalua t ion-n -n- as n-t:

an-n- long range accuisition ann-n-n- provade improved performance during head—on—n-ass
encounters .

200 -n- — in-i n- C

i60~ I

_

2 120

[ 

~n- i 6.0 5

2 8 0 ~~ 
n- —________

~~
n-n -

~~ 2.0 
n-

-

n
-

0 1 2 3 4 i
n-
)

R n - n - n -n- n -n- 1 300 ’

~~C U l  30
ATS KA LIV1AN Fn-.TER A N G L E  S EN S C n-~ M2A SL~~~ En-Vic - n -’t

n
-n- E~~~~~~

n- n-n- n-~~~~~ an--
n- - n- n- n - n - n - 2 n -- -~~8

76

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ n - n - - n - -



- . n - -  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
n-
~~~~~~~~~~~~~

n-
~~~~~~~~~~

n-

~~~~~~~~~

n- n-

~~~~~~~~~~~

n
-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

n
-

White Noise n -U =
SNR Measurement

Nc e n-O R U

Tn-n- r~ e1 Range . R • Measured Range . R rn

(A m A + °R U)

FIGURE 31
ATS KALMAN F~LTER RANGE MEASUREMENT MODEL
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HGURE 32
ATS KALMAN F I LT Et ~ RANGE SENSOR MEASUREMENT ERROR MODEL Op74n-~~12 ? n - 9

4 . 3 . 3 . 3  Strapcowrn- Qy:o/Accelerometer Measurement t iod e l s  — Tables In -n - and 2

summar ize  representative performance specifications for tn-ic- medium—quality
An-S Strapdowre Gyro/Accelerometer Package (SGAP). in addition- to the basic
rate gyro and accelerometer specifications , cm-n-a analog—to—frequency converter
characteristics must also be considered in the measurement model. The
converter characteris t ics are specified in Tab le 13.
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From Table 11 the principal gyro drift coefficients expressed in-n- n-lIla—
radians are :

Acceleration — Insen sitive .145 turad/sec

Acceleration — SensitIve .040 mrad/sec/g

Arn-isoelastic .002 mrad/sec/g2

Rand om .002 mrad/sec

TABLE 11
R E P R E S E N T A T I VE ATS RATE INTEGRATING GYRO SPECI On-AT~OI’~S

Dr ift Coefficient
A ccin - n - n- r a ton - insensitive )degtnr) n - Max n -  n - n - n - n - n - n- n- n- n -30.0 

n-
\

Aci n-ri~~r n - n - n - n - o n -  - Sen - si n - iv e n- in- n-Sq/briG) ~M~x) i n - n - U

Day to D~ y Repeataoility (deqTh r) (Total Max) 10.0 0° to
Ann-soe iast n-n- (dey/h r/G 2i n - n - n - n - n - n - n -n - n - n - n -n- n - n - n - n - n - n - n - n - n - n -  050

~ n- n-adorr (deg/hrl ii n-n n - n -  n - n - n - - n -- - -  n - n - n - n - n - n - n - n - n - n - n - .  0 3 5  
n-
)n

-

Angu n - s r  Momentum . H ( gm-c r n
2

’secH n - n - n - n - n - n - n - n - n - n -  n- 19 .530
Damping Coefficien t n -B (dynen-cm/rad/sec ) n - n - n - n - n - n - n - n - n - n - .  20n-000 ± 10~ n-n- 

n-
n-

Damping Method n- n - n - n- n - n - n - n - n - n -  n - n - n - n - n - n - n - n - n -  n - n - n - n - n - n - n - n - n - n -  Derived Rate
Gimba l Inertia n -n-i (ef fn - ) (gm-cm 2 55 at Rn- n- T n -  I
Characteristic T n- me n- JIB (sec) 0 00275 I 10% 

-

I Gyrc Scale Factor - ri/B Kp (V rms/deg) n - n - n - n - - n - n - n - - n - n - n -  02 15 ± 10%
Comniand n- Ran - c Scale Factor (deg/sec/ma) n- n- n - n - n - n - n - n - n - n - n -n- 0n-75 ±4 n-5% ) 

n
-

Command Rn-n- n- n- Sc an -c Factor
- Temperature S e rn - n - n - n - i vn - t y

Uncompensated 14% 
n
-’ n-n-

- ~~ 0° to17 5 ’n - F- Compensatea 5 .1 ~ %

I Gimn-~ n- Freedom (neg) n-’n-o rn inal) ± i n- i17

- UPC n- 5 n - n - n n-i TS n- rnn -~~S n - n - n - n - u r e  n- °
F n -  0 to t ~~75

sn - n - n-

Ac-n-on -he r  ma n -or  error source is the tern-n-n-c-ran-are sen sit avatv of the con-mn-n-an-n-n- r n -n - n - n -

scale factor. Assumatn-g compern-sation n-n-s used this e n - r o n -  is + .l5 ,n-i . Fm -n -n  -Tan - Ic -
13 t he f u l l  scale gyro loop an a lo g—to — -lr ec-u ency convertei- input n - a n - n - n - s n - n - n - n - s n -
to 175 deg/sen- . ( 3 . 0 0 4  r n -n -n - /so c. ) . Thus :1c-c con -n -on -an -n - n a n - -n- c - n - n - a l an - n -  fin-tn-n-

n-n -n -n - are 0 e nsn -n -t i v a t ’— , an-sun-n-n -n-n- cn-n-n-I n- on -n-n -n-n-en -n-san-ion, n- an -n - p c - n - u n - n -n - n- n -n- n - an- n-n-n-n-n-Xn-n- :n-un - n - -n-n- n- : 2 :  n - n - ;  n - n --n - .n - n -

nn-rad ,’sec . n-n-n-d cn-itl onn -n-i. errors introduced by the corn -ve:n-n-er tn -d ude fin -n - -- .011 0’S

scale factor t r im .  reso lu t ion  and the 3°/hr (.0145 c - n - m a d / s e n - c - )  cnn -c-n- c--~n-~~ n-c i - n - n -an -sn-

t r im  resolution. All n- f these errors with the exception of n-he n-an-cc-rn- craIn-
error are cen-emn-Inistac errors. These de t e m mi ni n- s t :c  e r rors  can be f - n - n - n - n - er
separated in-n-to bias (con-n-a n-n -n-rn -a ) e n - r o n-:s an -n -n- systematic errors. Tin-n-n- ~yn - n - n - n - rn - an - n - n - c - n - n -
errors are found to be either n-z—s ensi:ive errors or scale fan-c-on (n - — n - e n - n - n - n - : l v e l n-

errors. A summary n - f  the pntrn-n-~ pal gyro errors as gayer-, in Tam-In-s 14.
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Examination of Table 12 reveals that the principal accelerometer error
source is the output noise. Assuming a full accelerometer range of ±15 g the
maximum m s  noise is 7.5 milli—g ’s or about 0.24 fps2. The analog—to—fre quency
accelerometer quantization given in Table 13 indicates about 2 milli-g ’s/pulss.
Thua, for the ATS application the error associated with accelerometer measure-
ments is considered neg ligible .

TABLE 12
REPRESENTATIV E ATS ACCELEROMETER SPECIFICATION

Range 115g

input Voitage ± 15 VOC ± 10%

Output Current 1 n-35 ma ± 5% per g
( Appl ication Requires Externa l Rebalance
Current Reference ) I
Frequency Response 800 Hz , m m

MTBF 30,000 hrs , mm

Bias ±4mg .  max

Bias Repeatability ±0 .2 mg max I
Start to Start
Bias Tempe rature Coefficient 0.05 mg per °F, max
(50°F - 1 5 0 °F)

Scale Factor Temperature Sensitivity :tOn-15% of Room Temperature .
SF (0°Ft o + 1 7 5 °Fn- I

Scale Factor Nonlinearn- t~ ±005% FS

Cross Ccn -up~ing ± 1 x 10~~ g /g m a x

Vibi -at ion Rectificatio n n - n - n - n - n - n - n - n - n - n- n - n - n - n - n - n - n - n -  f 3  x i0
n-
~~~ g ’g~~~n -max -

Output Noise 0 05% of Full Range in rms
volts , m a x

nput Axis to Mounting Surface - - n - n - n - n - n - n - n - -  0.3 mi lrad max
Temperature Instability Over
C°Ft o +175°F
Temperature Range

Operating —65°F tc +200°F n-

Storage —65°F to +200°F

Vibration
Ope ratn - ng -

n - - n - n - n -  n- n - n - n -  n - n - n - n - n - n -n - n - n - n -  Mla -c n -o4 u3n -Class n-n-i
Survival

Si-m ock n - n - n - - n - n - n - n - n - n - n - n - n - n - n - n - n - n - n - n - - n - n - - n - - - 15g for 11 ms Along En-icr-

Major Axis

GP7~~n-O 127 26

~~~~~~~~n-n-n-. n- 
- 

n - n - n - n -~~~~~~~~ n-n-n-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~n- -n-n-—-~~ n - n  
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Ttn-n-E~n-.n-n-E 13
REPRC.Sd NTAT IVE ATS ANALOG .TO-FREQUENCY

CONVERTER CHARACTERISTICS

Gyro Loop Acce ’eratio n Loop

I n p u t Clock 100 kHz 100 kHz
F n-n-n- mm Scale On - n - n - :n - n -n- 02 53 pps 6250 pps

I Fuh Sca le in ou t 6n -95V 6n -95V
( i7 Sd eg /sec i ( 1 2 n - 1G)

Scale Factor Temperatur e Con -0n-002%/°F 0n-002%/°F

Temperature Open-~ n - n - n -n-n - n - —65°F to 200°F —65°F to 200°F
Scale Factor Tm - rn Range ±6% FS I ±6% FS
Sun- in- Factor Trim Resolun - n - o n - n - 1001% FS - 001% FS

( ô2 deg/hr) ( 12 1  mg) -
Bias Trim Rn-ncc 0 04% FS 0 04% FS

(250 deg/hr) (4.8 mg)

Bias Trim Rc n-n -n-~n-n- t iorn - 0 0005% FS 0 0005% FS
(3 deg /hr) n- n - GO 

~~gi

- 3ias Temperature Coeff icient O n - I t  PPM/°F PDV c-n-

1 (0 062 deg/hri~~F I .2 pg/n-F

_ n - f lS d t i n - n -- 1005% (of Reading) 1005% (o~ ~ ea Gn - nq)

Out of Pu~se sTi dn- r- n - i  i n - S  <t < S n - U r n s  1 n - 5 < t  < 5 3  ms
On-n-t put Pulse Ann- pl-tu de Soy : 10% 5n-3V 1 10%

N cn - i e  i- n - c n - :  o n - n - t n -in -f n- n - n - n - Rn -  ~n - n - j t n -  occu r w n - t i n - n - f l  0n-5 m n - c n -o s e c on d s after a G P n - 4 n - n - n - U 2  14

rn- sun- g en-n-lye  of Inc 100 k i-I z r B t e i n - ? f l n - n - n - In- A l l  o utput pu lses sha h
an -synchronous with crn- e iniernai 6250 n- H i  reference.

TABLE 14
SUMMARY OF PRINCIPAL GYRO ERRORS

Gyro Error Sour ce Miib rad ian s/se con o

Acce l eration - flsin-n - n - S n - t i V C  Dr i f t  0 14 5

I A~n- n-kran - ian n -Sensitive Drif t  0n-040a

An - n- n - soc - n - s n - n - n - c  Dr- ft 0n -002a2

n- n- mma rn-u -~;n-~ Sn- an- -n - ~ao n- n- n -r Error 150

Scan-tn-- n-~ n - i c n -O r  Tm-rn R n - n - s n - n - n -n - n - n  -on n - n - n - n - n - )

B a S  T ’ic - n -  rm n - n - so n - u t n - o i  0n- C 14c

- An-F Conveuer R~~s~~n- u n - n - n - n -n- n- 349

n-n-n-n-i = O n - n - n -~~ cn- - SOdy P at e , - 4 n - n - ans  sn- n - n-n- 3 n - n - n - n - n -  Mac n-mum
-s

a = O w n s  p n - I n -n- n- e n - r a n - n - o n - n  Ca s 
- n- n-

n-SCm

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
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4 . 3. 4  Discr-ete Kalman Tracking Filter Equations

The first steps ~rn- Kalman filter design have considered coordinate
system selection-, modeling the dynamic process , and modeling the measureme nt
systems. The final steps of the design process are concerned with establIsh-
ing the specific elements of the discrete Kalnsan filter equations previously In-
giver. in Figure 26. These fin-al steps can be separated into: 1) establishing
:1-n-c distrete state transition matrix, i~i

, and the dIscrete driving matrix , 1;
2~ establishIng the covariance matrices of the error in the aiding inputs , Q, Pi

n
-

eno the error in the measurements , R; and 3) estab i~shang an inItaa n-n-n-n-ation
procedure tc  es tabl ish  n-he initIal state variable extimates, ~~~~~~ , and the n-

n-
n-

coyariance matrix of the error in the initial estimates , M0. Each of these
steps wtll be covered for the ATS Angle and Range Tracking n-Filter designs in- -n -t n

-

subsecj-n-ern-t subsections, after some general discussion on n-he discretization
procedure.

In-n- the preceding subsections continuous, linearized models of the range - n-

and angle dynamics have been developed which take the form ,

x = A x - ~
n - w + G cw u

where x re?resents the state vec n-or

w represents the estimated aiding vector

A represents the linearized coefficient matrix

C rerresents the aiding vector error sensitivity matrix

n-~ represents a vector of aiding variable standard devIations

u represents a zerc n-neon , unIt variance white noise process .

For example , consider the target traverse dyrn-arn-n-an-n-s in ro:I—stabfi~z~ c. an-a— of—
sI ght coordinates derived in Figure 27 in combination with n-he target acceler—
an-in-n model presented in Figure 28. Collecting the pertinent equations ,

P(2)  V(2 )  — n-a (S)  R

V(2)  = — (1~a/R) V (2) ± aT( 2 )  — aA (2 )

— ( l / n -~~~) aT (2) 
~~~~~~~~~~~~~ °T 

U

low b r :  ) n-efin ir~g the traverse state vector as

n- n-n-n-
- n-= :P (-

~~~ V(2) CT n-2).

— — - n-— -
~~~~~~~~~~~

—
~~~~~

- n - --
~~~

-- 
~~~~~~~~~~~~~~~~~ 

n-n- -
~~~~

n-
~~~



~~~~~~
n-n -

~~~~
n- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

and 2 ) lineo r lain g a.bo u t~~ he estImated range , R , range rate , R , and measured
on-~n~~ in - - n- ~n-celeran-_on, aA ; the following linearized model of the traverse
cyin-samics is obtained :

0 Ip (2) ~
n- 

—
~~~ (3)

= 3 -R/ R 1 ~v(2) ~
n- 

+ -aA 2)

dz 
an-r (2)j  ~ ° 

. 

3 _l/t
TJ IST(2)j [ 0

. —ia t.3) 0 O n -  °R

~ n - O  —l 0~ 0a

3 0 l~

Similar dynamic equations obtained for the elevation dynamics and the range
dynamics are presented in later subsections .

Returning to the general form of the continuous model , its differan-n-tian-
form is:

dx A x  dt + w  dt + G n-~ dv

where dv u~: is the un~z on-ifer-entlal white noise process, that iS ,

E {dv ) 0

E -: dv cv n - )  = : dt

E ~dv dvT} 3

The differential covarn-n-arn-ce matrix of the state variable estimates is therefore

= ~~ i: (dx - Edx) (dx — Edx)T} 
n- I

n--n-~~x d t + :x AT dt i.G w i 0 w
T GT dt. - n-

A d i s c r e t e  model is d e n - n - n - n - : e o  waicrn-: n - )  provides sn-len-n-ens n-c n-he n-t an - c n
-

in- quan - :cn s  an -  dIscrete n-n-n-me intervals , 31, ~~hIcIr- ar :ree ( a n -
p~~~ o:~~im:n- n- n-n- n- n- n- n - )  w n -n - : n  ti-c

con:irn-uon-s solan-ion-s; and 2 )  has the same steon-: _
~ t a n -~ cova: n - a n -n -- s :n-i~~t rix as

n-i-c continuous mn - on - e l .  Spec if ic a lly a dn - s c r c n - e  motn-i~l o~ n-h e fo rm ,

Xj ~ 1 = 
~ X1 + 

n-n
-

n- n -S  S Oi n - n -4 Cn- t to agree -n-i tt—  then- Ion -n --n-at of FIn-~ure 26. n - cv f c-n-n-n-sI n-’.’ -~~ n-n-t n-he s t an - n-e
trarn-311n-Ion man-rn-:-:, e’~3- , n-n- some close n-n- - 2r o an-n-ma :n -o :.  to i t .  ~~In -  :.n-n - ,  

n-
D e n - n - n-n-n-

that t i-c f i r s:  three tern-is o~ i~~~ n- power n-n -n -e r i ea  d n - n - n - n i~~~o: n-rcv in-es
n-n- n-i~~t ab ie  acn-n- n-n- racy ~or n-he n-:n-:s ~~iman f i l t er  d e s n - n - : n -n- n- .e., ~~ = -

~

1/2 A2 In-l~~~. )  ‘ , on tn ~~n- on-he: .n-arn -n - , wil l  5-n- Sn - n - n -n - s O n - O n - n -  to pr o n-:erl~’
:n-cc aun:  f o r  n-he e f fc :t  of an-airn -g s in -~nals  on tn -n-n-c state es:~n-na:ee n-n- n- n-n- t n - n -  e sn - ab —
Ilsi- the desired correspondance i-ot~n-ecn the steady state covariance matrices .
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Separating F into a driv ing matrix associated with the estimated aiding in-
puts , ‘A~ 

and a sensitivity matrix associated with the (zero mean, unit
variance) errors in the aid ing inputs , F E ,

Xi+l ~ Xj  + n-A “i + 1’E aw1

Thus the average state variable is given by the discrete model as ,

xi+1 =~~ xi + F A wi

while the continuous model is

or solving ,
t + ~~ T

ic (t + m~n-T) = ~ ‘ ( tsT) i (t) + f an- (t + ~T—r ) w (r ) di
t

where

~ (X) = exp CA (X)}.

Since the estimated aIding sig~ia1s are constant over the interv al t~T
t +  T

5~ (t + ~n -T) = ~ (L ~T) iE ( t )  + 14) (t + LsT — ‘r ) di w (t)
t

Equa ting coefficients ,

~~~~~~(tsT) exp~~A 8T}

and
t +~~~~ Tn- n-- =

n-- 1n-

n - A  = exp {A (t  — — n-)} di = A ~ 4) (AT) — I) .

Now , to determine r 5 the discrete covariance equation is formed

2xi.Pil E { (xi+l — 

~i÷i) (xi+i 
— ~ j÷l) T }

= ~~ ~~T + 
~~E ~ F E

T

Ixpn-n-n-
n
-i-din-n-g to first—order terms in ~sT ,

= + (A 
~ I 

~T
> In-n- + FE I FE

Comparing this result to the cont lr n-uous equation for the covaria nce equation
results in the following equation for ‘E’

G 0w
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In summary, the following equations describe the discrete model :

— exp CA AT} I + A  AT + 1/2 n-j2 AT2

FA = A
~~~

{4 ) — I }
~~ AT + l/2 A AT2

FE = G c
W

v’
~~

fn
-

These equations will be used in the next subsections to derive the discrete
Ka lman ATS Range and Angle Tracking Filters.

4.3.4.1 Angie Tracking Filter Equations — The linearized continuous model of
the traverse dynamics were derived in the preceding subsection . This model
together with that of the elevation dynamic model and the ASCOT measurement
model are presented irn- Figure 33. The discrete Kalman ang le tracking filter
structure , which results from the dIscret~ zation process previously derived ,
is presented in Figure 34. (This figure Is identical to Figure 5 and is
repean-ed here for convenience.) The remaining steps in the Kalman f i l t e r
design are to establish : 1) the aiding input covariance matrix , Q, and the
measurement convariance matrix , R; and 2) to establish the Angle Track ing
Filter initializan-torn- procedure , 

~~~~~~
, and its error covatiance matrix , M0.

The aiding in-pun- covariance matr ix  is , from the n- previous discussior n-,

Q = C ~~ c~
T GT AT

Substituting ,

u2 (3) oR2 0 0

Qa~
2) = 0a

2 0 In-n-

L ~ 0 20T
2/TT j

Similarly,

0 0 1
~~ i~~’m t o ~~2 I AT‘<a’ ’ a

L 0 0 20T 2/T T

R nce Q (2) d i f f e r s  f r o m  0 (3) t
n-ne traverse angle tracking f i l t e rs  Ka In-mn-n-

:an-ns will an- fe: from n-n-ose of n-he elevation falter. Th n-n-~~ n-Cin- of 3yn-n-n-n-~~~;:v

would double the n-umber of computations invol’,ed in computang n-he Kalman gains
f r om  those r equir en -n -  if the Q matrix were equal in hon -n- channels. Thus ,n - am

approx imation iS macn-c co select a 0 matrix co on to both channels in order
to reduce the Kalman gain computationa l requirements. The element to be
approx ima ted n -n -s 0 (1,1).
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Target Dynamic Modei

1 1  1
[P(j) 0 1 0 [ 0

— V (j )  = 0 — n-n- n- 1 V(jl k W(j) + 0 u
d t l  B I

[aT(i~ ~ 0 

~
] LaTH L\/~

oT J

where j = 2 ~~Tr av erse Dynamics

= 3 ~~El eva t io n Dynamics

Angle Sensor Measurement Model

-~ 1 - -
~~~~

- w (3) ~~ n- ~~~~ R K
W (2)~~ n-n-n- a

A
( 2 )  ; Wi3 )

n-

~~~~ ~~~) n-~~m = n-
SF 

~~~~ uL o 0 R GCFS(1~1)  V

P — Target Position Orthogonal to Est imated LOS (Point ing Error )

V — Relative Target Velocity Orthogonal to Estimated LOS

aT 
— Target Acce lerdtion Orthogonal to Estimated LOS

a A — Attacker Acceleration Orthogonal to Estimated LOS
— Filter Coordinate System Rate

R — Estimated Range

B — Estimated Range Rate

TT — Target Acceleration Correlation Time

— Steady State Standard Deviation of Target Acceleration

U — Unit White n -Gaussian Noise Process (Zero Mean . Unit Variance )

— Standaro Deviation of Pointing Error Measurement = — + K
2

— Pointing Error Measurement R

N — Number of Samples in the Averaging Process ( Nominal Value of 10)

K SF — Sensor Scale Factor

FIGURE 33
TARGET TRAVERSE A~~D ELEVATION DYNAMIC MODELS AND ANGLE

SENSO R MEASUREMENT MODEL
5 P 7 4 - 0 1 22 - )5
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Pointing n-n-n-n- Arn- -in- — -

Error I n- 
V State Va r-am - _ s V -
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I a]- n-
K3iman Gain - - 0

~~~~~~~

__

~~~~
a 

__

Error 
n--i

w 

-

_________________ 
________4n-~~

n-n- I a
Aidi ng Inputs n-~

Dvna~~ n- C ~n-’OOen-

L ~~~~~~~~~~~~~~~~~~~~~~~~—
--—-- —-- - ---—

~~~~~~~~~~~~

r 
n-~~n-~~~~ r

Traverse !— Ln-n- n - (3 )  P 1 Elevation W (2) ~

~~~~~~~~~~ L 

~~~~~ 

~~~~

1 n - ’2n -~ T2 - 

— 
K 

—

j ’ =~~ 3 (1_ 1 / 2 l R / R Ti~~ T 1!2~~T
2
~ ;H a~~~~~~~~~~~~~ 

0 0 n- K a~~~ 
K

~~~i
a I I R GCFS(1 .1) I

0 0 [1—1/ 2n -~T/r( n-~T 
K

L -
~

:1— 1/2 ( R/Rl~~ T n- n-~~ T

0 R/ R)~~T~ 1/2 ( R/ R l 2 AT 2 
~1— 1/2 i~~/ R’  1/ri ~~~

0 1_ L T ! r + 1 t n -~~T~~~
2

FIGURE 34
KALMAN ANG LE 7RACt ~ING ~~~~

n-n- n-n- An- n-
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It is assumed that the total filter coordinate system rate is equally
distributed between channels, that is, in-i(2) and w (3)  are approximated by
J(L n - n -2 (2) + w2(3))/2 Thus,

(u2(2) + u2(3)) 0R2/2 0 0 1
Qa 0 0a

2 0

L 0 0 20T2/ T T j
where

is obtained from the Range Tracking Filter covariance matrix ,

0a is the standard deviation of the accelerometer measurement error , and

0T is the assumed standard deviation of the target acceleration model.

The measurement variance , Ra,  is obtained directly from the ASCOT model
(Figure 33) as ,

Ra

where N is the number of samp les in the averaging process (nominal value of
10) .

tnitiali~atiott of the ATS Angle Tracking Filter is accomplished as
follows :

o Position State : The sensor—to—filter direction cosine matrix is
initialized to point at the .:n-easured target position at ASCOT detec-
tion. Thus , the estimated initial pointing error is zero. The ini-
tialization error can be as large as the physical extent of the target.
Therefore , Ma0 

(1,1) has been specif ied as 252/12 f t 2 .

o Velocity State: The velocity state is initialIzed by assuming os~iahipbod y ra tes equal to the line—of—sig ht rates. Thus , the initial ta:rret
velocity normal to the LOS is: v0(2) n-n-n-A (3> R and v

0
(3) 

~~~~~n-~n- ~~~
.

The error in this Initialization procedure is difficu~ t to estimate
since the correspondence between owr&ship body rate and line— of—s icrn -t
rate at initialization depends to a great extent on pilot procedure .
For the ATS filter m~ was selected to be -i-SO ft/sec . This corre—
sponds to about +1.5°?sec LOS rate error at 2000 ft and ±3°/sec at
1000 ft.

o Acceleration State : The acceleration state is initialized b’, as~amimg
target acceleration eq ual to ownship acceleran-icrn-. Thus, initial tar-
get acceleration normal to the LCS is: än-

n-
0

(2) aA (2) and
aT (3) aA(3). The error in acceleration in:tialization is also
de~ endent upon pilot acquisition procedure . For the ATS angle
f~ 1ter 0a was selected equal to °T in the angle target acceleratn-.n-on-
model , that is, n-n-a ± 3 g.
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Swmaarizing the initial angle filter state vectora arn-~ inn-n-n-ial n -ovar ian -n -c e
matrix ,

10 1 r o  I
xa (2) — WA (3) R~ xa ~~ ~~

A (2)  R

LaA (2) j aA (3) J
o 0

Ma = 0 (50) 2 0

L 0 n-
~~~~ (3g) 2~

4.3.4.2 Rn -~ e T ca~ n - n g  F i l t e r  Yc~~a t i o n n-  — The linearized con :inn-n-or~s n-n-n-o~~~ eIn-  of
the range cvnarrics are deriven- n-

in- n -he sarIn - c rn -t anner as the angle dynam ics n o d al .
The range h’~~anic model together with the SSR—l range measurement mon -el n-n- :~presented in Figure 35. The discrete Kalman Range Tracking ~ilcar s::n-~cn - n -n - n - ro

~fh~ch res-n-ilts from n-he discretization process is presented in Figure 36.
(This fIgure is i h ent i c a l  to Figure 6 and IS repeaten here in-: convenience.)

S n - n - c e  tn e  o:n- in-n-y A~~ n-n-~ n-n n-g te rn-n- Is owrtshn-n-p a c c e n - e r a t i o n  a l o n g  n - n e  n-LOS ,
Q m atrix takes the f o r m

[0 0 0 1
~~ R

n-n -o ~~2 0

0 0 2o T
2 / n- T

In like fashion the measurement variance, R, n-as the f o r m  n-

= OR /N

where N is the number of samp les in-n the averaging process (nominal value of 4).

Initialization of the ATS Range Tracking Filter is accomplished as
follows :

o Range ‘~tan -e : Tn-n-c filter range state is initialized at n-ho van -n - n -n-n - :  On-
SS R— 1 measured ron-n-ge the tn-n-ne n - n - f  ran -a:  a c q u n - n - s n - i c n .  Thu~ n-n - ,  n-ho
ini tialization-n- en-ron-: is n -he :n- n-~~e n-n-n- : ~nc -.— n-~ann- a avon-n- . n - n -  n~~

’ SSR—T n- n - n -
n- n -n~~e

measuremen: error inciucn-in-g the effect of o c c u i s n - n - i n - o n  n-~ignai— to—ncase
ra t io.

o Range—Rate Sn-ate: Range rn -Ar e is 1n-zt1 n-il jzou at t:ie n-ni-aol ran -n-ne—
r a te  es t imate  of tha  SSR— 1 . This  ~~~ o n - t n - n -i n-ed b y an-n -cu roo ia t ing  n - - ca in -n -
AR range register corrections for .2 5  seco nds ~r i o r  to a n - n-~~n - i n a  ~
radar lock—on d : scr e : o .  Tn -n - c S C O t - n - n -n-, 10 S C 1 C C t C - n - . to o n - o n - n - n - h e  a
smoothed range—rate estiu~~te at n-he end of  n-he 0 .2 5  secona ~ n to -v n - l.

óS
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This interval represents 16 samples of range incremen ts of accuracy
°R taken at 1/64 second intervals . Thus the variance on the range—
rate est imate will be (160 R)

2 (f ps)2.

Target Dynamic Mode)

T R ~~ T 0 1 01 r R l  r °~ r ~
I -

—~~~ A —  ( w 2 (2 )+ ’2 )3 ))  0 1~~~ ~ + —aA (l L + l 0dt
La T )lL~ 0 0 - -~J LaT (1 n-i L 0 J L’/~~

GT RJ

Range Measurement Model

P = R - — — Um

R — Range

A — Range Rate

a1(1) — Target Acceleration Along LOS

a A ( 1) — Attacker Acceleration Along LOS

01( 2) , W( 3) — Filter Coord inate System Rates

TT — Target Acce leration Corre lation Time

0T p — Steady State Standard Deviation of Target Acce leration

U — White n- Gauss ian Noise (Zero Mean . Unit Variance )

/K i n-
n-

o — Standard Deviation of Range Measurement = .,J — + K 2R SNR n- n-

R m — Range Measurement n- n-

N — Number of Sdmp les rn -the Averaging Process (Nominal Value of 4)

~)GL~~E35
TARG ET DYNAM )C ~ C~~E_ ALONG T~ E UNE.OF.S1GHT AND THE

R A N G E  ME AS U R E M E N T  MO DEL
m~P 74 n - Q i 2 2  n - 8
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o A c c el e r at io n  State: The accelera tion state i~~ n -n i n - i a i i z~n - u b y assu :n -—
lag target acceleration equal to ownship acce n-emn- :ion, n -h a n -  s,
a’~ (1) = n-~~n-~~~l). The error an acceleration in:n-:~~al a z a t i o~ n-
up~n the p~ ion - ’s acquisition procedure. For the AIl S rar .fe  f i l t e r
was selected equal to in the range target ac:eleran-in-on m ac n-n - el,

that is, 0a = 1 g .
0

V Ca a rn-n-men
\4oo~

n-

~
n
-’R  4n- n- J~ n- A n-/ ~~

Es~ mate~ P rec~cn-~n-

Predicted - i R
Range n-

- 

in-\ 
State V~r a n - e s  -

n- n- n- n- L~
’

n-1n-
1
l~Kaiman n-n-n-sn- in

~~~~~~~~~~ 
T

~~~~:TT® ~1
i ‘A  - 

- 
— —n-n-n- n- -n-

L -
~ D yn an -n c ~~ooe~ J

n-ln -T  ~~~T 2 n -’2 0
hcl2 2 

~n - n - l n -~~) 2)  ~ T ’2 ~ T n-~T 2 2  ; H R G O
0 0 1- .~~T 2 n - n- n- n-n-t.T :

n-~~ ~~~~~~~~~~~~~ 2 ~~ T - K n-:n-

~~~n2 ~~ I $ 2  ~ T ~~~~ + ~~b , ,  ~~ T2~~~ - ~~
n - n -  n- n- 

-

0 0 .~~T n - r  n- n-n- 
~~~~~

n- n
-
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Summarizing the initial range filter state vector and the initial con—
variance matrix ,

r~~ 1

Ro

L aA ( l)j

r 2
0 0

MR =  0 (16c
R
)

2 0

L 0 0 (l~~) 2J

4 . 4  ATS PERFORMANCE

4.4.1 ATS Performance Analysis Approach

ATS performarn-ce has been determined by various methods. A principal
consideration in the ATS design was its performance under dynamic corn-d :n-ions.
For the purposes of dynamic design and analysis a CDC 6600 digital comoun-er
simulation of the ATS Range and Angle Tracking Filters was programmed . Thas

computer simulation represents the ATS at the 16Hz rate of the trackin:n-
filters and provides realistic relative geometry and variable noIse conditions
wf n-h which to test the filter using the MCAIR Terminal Aerial Gunnery
Simulation (TAGS) program , Reference 4. Subsection 4.4.2 presents detailed
results of the ATS dynamic performance analysis.

Another princ ipal analysis consideration is the effect of the major ATS
error sources on the overall system performance. The sensitivity of n-se
•\T5 t~ performance with respect to its major error sources is presented in
S u b s ect i o n  4 .4 .3 .  These sensi t iv i t ies  are established both by means of n-In-a
d yn amic  p e r f o r m a n c e  analys is  p rogram referred to above and by a specin-al purpose
program which solves the steady state Kalman filter equations.

T n - n - c  ATS sensor noise mon -n - is  are not well known at this time , as wan-n-
postulated in the Phase II work statement. They will be compictely n-effn -n -eb
only after the appropriate laboratory experimentation , not mock—un- testIng,
and flight test evaluation are conducted dur ing  later AGFCS phases. As a
re saf ~n - z , t he AIlS n -en — m ann -c arn -a lysas task n- n-n-as ours-cad n-ur n-rn -n- n- n-he P l a n - n -n - n -  n-lI
s:ud y pr in -nc n-n -pa ily as a design t oo l .  As such it served to esn-a:l n-~a::

ren -~so n a b ie  error b-cage:s for tm- c prlnc n - n-pai ATS sensors , rn -r n -un -u n -n -n -mg ian - v : :Ln - n-—
n - n - a n n -n -cf  e f f co : s ;  n-n o 2) conservative ATS Kalman tracking f:tter cies:gns whn-ch
w i l l  funcn-iorn -adeç -uateiy even in n-I-n - c event of s ig n if aca n r n - n - n -~ ’ cn- an-grudee sensor
p e r i u r n - n -n-~an-ce n-tue n-0 severe environments, Thus, the  All p en - i an -man - co  n-n - a n a l : a n- n-:

at  t n - m i s  stage of AGFCS develo?ment  does not at temp t to establish tn-c soecin-an-
?nedicted or anticipated ATS performance. Rather , it attempts to cefin-ne a
ran ge of ~n - n - e n - n - n - n - i  performance ocsan - on n-i. conservative postu l at Ion  n-i overall
sensor/environment conn-n-n - n - t a o n s .
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- Inc a p o r n - a c i n -  t aKen  below to sumnart n- zing toe Phase II pe n - in - rn -n -an -n - co n - n c ly o

n - n -
~~5

effort n-n-s to in-rs t present the performance of the finally evolved All desagn
W~~ n-in - t n -C  theoretically oredn-cteu sn-ansor measurement -random noise ae:enmn-ncn-
by the respective sensor subcontractors . These theoretical ran- .aom—rn -cise
results are judged to be fairl y representative in the case of the SSR—l/
R4flge 

n-
Ion-n-king Filter performer-ce, disregarding the effects of gra unc :lcn-t.~n-

a: low a l t n -t u u e~ 
n-

n- . h  oweve r , these rn -n -n-hor n-— noise rn - n - su n -~t s n-ur n- prcTh:- ln-n- ’ ap n - i m i a : ac
w n - n - n - h  r ega rd  n-o tn -IC A S CO T/A ng n -e  lrackn-n-n-ng In-n- In-ter pen n - m ann-e n- b n - c~~n- :sn- n-n-n-n- n-~~

1n-- rn-o nat
n -A n - C O O n-n- f o r  c l u t t e r  r e l a t ed  enviroran ern-cil noise wn--n-ich , urn-den-  mar.J tn--an -n -n-n-n- n- ag

c a n - n - I n - n - n - r n - a, is apt  to be n -he  r n - n - d o n - n - n - a n n -  error source. Sen -an -n -se n-ho se n - n - a n - n - e n - i —
cdi results represent a sn-rn-n-what oj~nimistic per formarn -cu , win-n -cd wail Sen-n-V t:

p r I n - a r n - ly as a r e f e r — r n - c o  for  i an -e r  exp er imenn -a i— or iemn-teo ana lys i s , n-hey are
rn -fern -en - to herein as the ATS re fe rence  per formance .

After n- in - c reierence per formance  is presentea , n-In-c results of n-dc an-n-—
e n-n-cavity studies are sn- an -mn -r n -z en - .  Their purpose was to determine n-he e i iac :
n - f cagraden-  measurement acourac ies  an the r e f e r e n c e  ATS pe r fo r- n-n-a:n-:e. n-asec
on n -hn -  sensi t ivi ty s t udIe s , en - ro n -  bud gets , whach  could reasonably be n - n - -n- n -~~~c:~~~d

to eon -n - on - a s s  a broad range of sensor/ envi ronment  condit ict -ra , were eon -an-n - f i sh ed
in- : each of the sensore .  Finall y ,  these e r ror  b u d g e t s  and tn - a  n-~~li per f o rm an ce
(us~ n-g the buogeced e r r o r  source magnitudes) are presented. These p en n-n- man-ce
r e s u l t s  show n-in-at n - rn -c conse rva t ive  ATS f i l t e r  desagn approach n -aaarn - r ecoIn -s
Inn- hi ghly acceptable ATS performance for the established “reasonable cnn -n-r

n- 
budgets.

4 . 4 . 2  ATS Dynamic Performance Analysis

The key d ynamic p e r f o r m an c e  p a r a m e t e r s  are  n -no  accursc :es an-n-b n-yr-arnie
c h n - :r n - a c n - en i sn - i c s  of the  es t ima ten -  target states as obtained b y n-~~~~n - n -~ IlS .Kalnan
tracking f i l t e r s .  These p a r am e t e r s  include: 1) n -n -n - c estimated n - a r go :  range ,
ra nge ra te  and acce le ra t ion  a long tn -en- LOS by t i e  Sn-an-ge n - n - r a n - n - n - n -n- rn-n- F i lt e r ;  n-n-n-cl

2)  n-he estimated target position , re la t ive  velocity and accoteratiorn- rn-n-rn-al
to the LOS by the An-gIn-c I ran-k ing  F i l t e r . For convenience the n - t n -n - n - n - n - a n - n - n - c  perfor-
mance analysis results are separated i n - n - n - n -  results pertaining to n-ne Aange
Tracking F i l t e r  pe r fo rmance  and the  Arn-gle Tracking F i lt e r  performance.

Results are presented for  three dynamic conditions: tin-) a constant 3g
t n -n - r n  a: a n e a r ly  c o n - s n - n - n - a t  (2000 ft .) range 2) a 3g revorsain-n - ; n-am-n-c 3) sub —
sonic head—on -  pas s .  The n - O n - s t an :  t u r n -  cond i t i on  r e p r e s e n ts  the n -v -n -e  of  n - en -— - j
din -jon -s to be expected dun n: n--\TS t e s t i n g . The never— al.  ~

n- n -
n-n- dan-an-—on pac s

conditions represent n - n - f f f c u l t  on - / n a n -n - c  c o r d it n - o n - s  f o r  n - n - c on- n - i n - -n -n -n c ann-c rn -~~n - t a m m —
n-mg AIlS trn -n - c k n - n p .  I-n-or c o r n -v o n -j e a n - a  n - n - n - c I n - :  c on - s n -a n t  tn - n - rn  n -nd n- en-van -ao l  u :e
comb inen -n - n -f m - n - t o  O fle en - n - con - n - n - t en  n - a n - c r  u-I n- I be n-u.n- co t I

n-
n- n-n-  Se v a r s an - In -  ern- c n-on-n- n - c e n - ,

The cofls n- irn - t :~ rn-n- n - n - s  mn--t n - n t a i r n-ed f o r  n - a c  in - rn -sc ~,ix ( 6) s e n - o n - n - n - n -  n- w n - n - n - n- n -
n-

n- n - n - :

s u f fi c i e n t ly  tong to a t t n - n - n - n -  s t .n -n - acv s t a t e  f i l t e r  p e r f o r m an c e )  n - n - n - b n -In - en
two second r eve r sa l  n - s  p e r f o r m en -  a f t e r  which the t a r g e t  n-i n-n - an -n  rn-n-r~cn -n -n -r n-. a
constant 3g turn.
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4.4.2.~ Range Tracking Filter Performance — The dynamic variations in the
three range variables to be estimated by the i~ange Tracking Filter during
the Reversal encounter are shown in Figure 37. Note tha t range varies
slowly throughout the encounter with low values of both range rate and acceler—
ation. Thus , this encounter does not provid e a particularly difficult test
of the range filter ’s dynamic performance. It does , however , prov ide a
measure of the range filter ’s accuracy during relatively benign range con-n-i—
tions . The accuracy of the ATS Range Tracking Filter during the Reversal
encounter is illustrated by the estimation errors presented in Figures 38
through 41.

200
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ge n-

ft

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Time n- sec

F I G U R E  37
RANGE DYNAMICS . REVERSAL ENCOUNTER

GP74 n- O~~2? n - 9 7

Figure 38 illustrates onl y the  dynamic accuracy of the range filter n-rn-
that the results were obtained with ideal (no noise) radar measurements.
There are two time periods of particular interest in Figure 38. The first
occurs j u s t  a f t e r  in i t i a l iza t ion  and lasts about 3 seconds. The ini t iali—
can-ion transient is particularl y ev i n -n - en t  in- the error in estn-n-mrn-ted ran -go
acceleratIon since the acceleration statn-A is ir i n- i al i ze u  at ownship acceler—
n-i-b r.. The acceleration e r ro r  peaks at about one second after inin-ialn-zation
(9 feet/second 2) and reaches a stead y—state condition (2 feet /second~ ) at
3 seconds. This acceleration error feeds into the estimated range—rate and
man o~ e r r o r s , even th~~~u n - n - I - n  -they are initialize: perfectly , causing a 3 second
:r a n - s l en -t  in these  f i l t e r  s t a t e s  also.  The second per iod of In teres t  occu r s
daring an-n- alter the two second reversal (time 6 to 8 seconds). The range
error is n- nn - si~ nif -n - cant due to the an- n-n-rac y of the ideal measurements. Range—
rate an n -  r a n g e — a c c e l e r a t i o n  errors car be directly correlated to the dynamic
variation of range rate and accelerati-n-n during this period (see Figure 37).
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F I G U R E  38
IDEAL RANGE TRACKING FILT ER PERFORMANCE n- REVERSA L E\COUn-\

n-
~n-~~~~

fl P ? n - - ( n - 1 2 2 ~ O7

Tln- i n-n- e F i gu re  38 re r n - n - s e n - n - t s  the performance of n -n -n- c rarn-~;e filter ur-chin
dvn-an -n-c but in-eat (perfect measurernern-t) conditions , Figures 39, 43 an -n - n - 4 1
I n -n - l u st r a t e  the e f f e c t  of the anti cn-n-n-an-ad SSR—l noise on n -r n - c r a n g e , na n - g e — r a n - a
and range—accelera t ion  errors respec tive l y. At 2000 fee t  t i-n-c e r ror  n -rn -
measured range will be 12.5 feet ( I n - ) .  This error is r o n - n - A n - a n -  to less n -ln -~ n
4 f e e t  ( I n - n - )  by n - n -

n-
n - c ATm -n- F n - i n - n-g n-n- T r a c k i n g  F i l t e r  as sh own n-n- rn - T n - n - n - n - : c  39. Tn-n-n- n-n-re 40

il l u s t r a t e s  n - n - a t  tn- n-c ef fect of n o n - s v  n-n-n -ea sur er:n-ern - :s or- range ra te  :oduoes
errors or n-ho n-st i t  f e e t/ s e c on u  ( i n- )  . Peak acceleration errors of 28 feet!
second~ n-re exper ienceu during transient conditions (see Fi gure ~~n - l )  du n -  are
consIderably sn-n-n-slier (9 to 20 feet/second2) daring stead”—sn-n-o:e conditio n -sn-

Tn-c accuracies e x h i b i t e d  b y t h e  San-ce T r a c k in g  F i l tar  win -n- n -n - n -ti m -n -pan-ed
n - SR— I measurement  noise n -are considered mon --c n - n -ar. s an - i s f a ct o r n -  fo r  a n -n — t o — a i r
gunnery application -s. The e f f e ct  of oeg raoeo  range measurer -en -n -  a ccu racy  as
t rea ted  n - n - -n- the o c i n - s i t av a t y  n-ar-al sIn - , S u h s e n - n - n - c n - n -  4 . 4 .3 .

The n - n - n - n-n-~~n-n - i n -  v a ria t I on -s in  tn - n - c th ree  Sn -n -n -n -n- c T n - n - n - n -n - n - n - n :  F : n-.n - c: :

var iables  d u r i n g  the  Head—on Pass encoun te r  n -n -re  shown n - n - n -  T n-g or e  -~~~~~. For
this  encounter  range  var ies  r a ni o lv  wi th  a in - en - r i n -y n - o n - s n - a n t  cThn - sang  mn -n -n -  c i
In- FOG f e e t/ s e c o n d  and zero acc cien -n -at n-n -orn - n -n -long n-he n - n - X I S .  In-e n - t n - n - n - p e t  is can -en -n -en -
and a c q u ir e~n- by t in - c SSR— l  1 .75  seconds a f t e r  th e  ~n - t n - n - r t  of n- n -n - -n - eat on-n-n-n-en an -
a range of n- n-o n-n y il,lOO feet. After n-n trn - n - n - n - :: n - n - l t n - n - r n - n - n -n - u n - n -n- tin-c AIl S Sn- n - n - n - r n - g o

Tracking Fn-lter tracks tin-c t a r get  t n - n - n -  the he n - b — c  n- pass o c o n -n - n - : s .  T n -p u r e e
n- n- and 44 p r e s e n t  tn-c :r n-n - c k n - n g  .n-ilter errors without an -n - b with radar n-n-n-eon-n-ce-
ment noise, respectivel y.
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After the initial transient the Range Tracktng Filter accuracy con t ~~t..—
aily improves with decreasing range (increasing signal—to noise ratio).
Transients occur at 3 seconds and 6 seconds due to momentary fading of the
return signal. Since the target is not maneuvering the measurement error
is highly correlated and this degrades accuracy for a short time. Also of
interest in this encounter is the point of angle sensor lock—on , 4.6 seconds
into the encounter . Up to this point ownship body rates are used as an
approximation for line—of—sight rates in the Range Tracking F i l t e r .  ~‘hen
line—of—sight rate estimates become available the Range Tracking Filter
performance improves .

4.4.2.2 Angle Tracking Filter Performance — The dynamic variations in the
three traverse variables to be estimated by the Angle Tracking Filter dur-
ing the Reversal encounter are shown in Figure 45. Only the traverse
variables are considered here because the principal dynamics caused by the
reversal maneuver occur in the traverse direction . Note that the pointing
error is magnified by a factor of ten in Figure 45.

Prior to the reversal at six seconds into the encounter , the traverse
pointTh~ error is quite small (less than a foot) since no meast~rement ro se
was included in generating the dynamic profile. Du ring this same perisa , the
target relative velocity r1ornal to the LOS decreases f r an  60 f a et / ;e c o nh  to
less than 5 feet/second : while the target acceiera:ion normal to lie LA5~
constant at about — 30 feet/second 2. During the reversal ~from 6 to S ser ond s)
the acceleration rapidly decreases to less than — 100 feet/ second-i , while the
relatIve velocity reaches less than — 100 fee t/ second . This rap id decrease
in acceleration and velocity during reversal represents a severe dynaa~ o test
on the ATS Angle Tracking Filter.

The ability of the ATS Angle Tracking Filter to maintain lock—on ~~rir.g
the reversal in the presence of measurement noise is illustrated by F~~ure 46
which presents the traverse pointing error as a function of time. The per-
formance of the ATS Angle Tracking Filter during the Reversal Encounter is
illustrated in Figures 47 through 49.

Thase fi gures present both t~ e l ienl  and the reference performance of
the filter. The lical performance results were ohtsined using ideal (no
noise) ASCOT measurements and idealized filter initialization . That is own—
ship body roLes and acceleration were close approximations to the target
IL-ie—o —sight  r at ~~ and accelerations . Also the linc— o ’—si gnt l i lt e r
coordinate system was ~n~ :~ aiized to point at the L ar r e t ’ s cente~~~c r~~c,rav~~rv .
The reference li ter  p er f a r n an c e  was obtained by c o r r u p t in g  the ASCOT
m~~~~~r a r r n ts  h’~ r h eor e~~t . sly tarnioe~ ::easuremen: :~~~~ i 71. a

~~~ ~~ int  ~~~~ error omlual noi~~~ ) and acing a n om— a ali ~~~~~~ ~~~~~~~~
~zac~ or. P roce u - ..re. ~~~~ ~~~~~, o~~ ch ip bod y rates ona accelerations ais nor
nat~~. tnc  :ar~~~t i i n e — o f — a r g h t  r a t a s  ~na accelerations. Ai~ o , or. ~~ ral
poi n t i n g  error of 16 t eer  was introduced to s imuia tc  A SCI o a t 2 ct ~ cn near li’a
target’s edge.

Afrer the  ioiti,., l r r a n s~~uu t a  ~about 2.5 aacorsds)  the  r s i e rer~c~ p~~r ia r—
nance a:a rlosily t r i  a che ±de~ i data. Tois is due to the low aciac
content of the ASCOT measuremenro . The a f i e c a  of degraded A5C~~ nea~ ar e—
ment accuracy i~- 0r e~~red in the sensitivity analyses , Subsection 4 . 3 . 3 .
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4.4.3 ATS Error Bud get and Sensitivities

The error sources of each of the ATS subsystems and their magnitudes
were discussed in Subsection 4.2. The principal error sources are: 1) SSR—l
range measurement error; 2) ASCOT measurement error ; and 3) SGAP rate gyro
bias error. The SSR—1 range measurement error consists in both a bias and a
random component. The random component of ASCOT measurnent error is of
orrncipal interest — bias errors will result in a constant offset between
the estimated LOS and the true LOS.

The effect of degraded measurement accuracies in the random portions of -

the ATS sensor errors can be computed from the steady—state a posteriori
standard deviations of the state variables in the Range and Angle Tra cking
Filters. This presumes, of course, that the degraded accuracies are
accounted for in the filter design. The Range Tracking Filter ’s standard
deviations are presented in Figure 50 as a function of measured range
standard deviation . The range, range—rate and range—acceleration error
sensitivities about the anticipated SSR—l measurement accuracy are 0.22
feet, 0.36 feet/second , and 0.2 feet/second2 per foot of measured range
standard deviation.

Range Rate Error - fps

12 -________________ ____________________ _________

03

Range Error - ft

4 , 
________________________

a I
C 8 16 24 32 4C

Measured Range Standard Deviat ion - ft
FIGURE 50

EFFECT OF MEASURED RANGE ACCURACY ON
RANGE FILTER ACCURACY
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The Angle Tracking Filter ’s standard deviations in estimated roir~:in4
error , velocity and acceleration are presented in Figures 51, 52 ~nd 53
respectivel y for various gunnery ranges of interest. As n o c a~ Dr e vious ly ,
the  ASCOT measurement error standard deviation is not well -:nown .
analysIs indicates that a measurement error standard devrat on of as much
as 50 millivolts (2.5 mllliradians) could be tolerated for gunnery appil—
cations . The error sensitivities in estimated pointioP error afld ve loc ity
and a c c e l e r a t io n  normal  to the LOS are 0.03 feet , 0.1 feet/secant ar~d 0.15
fe e t / s ec o n d ’~ p~~: millivolt of ASCOT measurement standard deviation
respec t iv~~I y .
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Bias errors in both measured range and ownship body rates (SGA P rate
gyro bias) affect the estimated target velocity normal to the LOS . This
is illustrated in Figure 54. These data were obtained from the Reversal
encounter which has a range of about 2000 feet and a line—of—si ght rate
which varies between 30 and —50 milliradians/second . A rate gyro bias
error of 1.5 nilliradians/second and a range bias error of 22 feet were
introduced . Both of these error magnitudes are large corresponding
to short—range (1000 feet), high line—of—sight rate (60 degrees/atcono)
conditions and were selected as worst case demonstrations.

The principal effect of the rate gyro bias error is to c~u.~a a corres-
ponding bias in the estimated LOS rate. This does not affect the ~o .ntatp
error due to the closed loop action of the Angle Tracking Filter/ASCOT inter-
face. Also , its effect on estimated acceleration normal to the LOS is
negligible. However , it does affect estimated velocIty oorma to. the LOS
through the cross—product of the error in LOS rate with range.  Thus the
sensitivity of estimated r~orma1 velocity to rate gyro bias error is the
target range. For the 2000 feet range of the reversal encounter , the 1.5
milliradian/second rate gyro bias results in a 3 feet/second velocity bias.
Th is is subs t an t i a t ed  by Figure 54.
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EFFECT OF P R E D O M I N A N T  B IAS E R R O R S

ike natt ier , the range hi~~ aff scts the iorml ~elcr:y 5s~~_ T~. .T~~~~.
error through the LOS rate. l’he f2  f ee t  ramg e  hr -t~ error in combim~ or . -n
wit:. the 30 mr litr ad ian/ s econd  LOS rate causes a 0.6~ f e e t/ s c or n . v d l icr t y
bias ea r ly  in the  Reversal  er.coun tLr. After the reversal thc —~ d till—
rad ians/second LOS r a t e  causes a —1.32  ~eet/second bias. ln idd r:~ oo to
biasing the normal velocity the rat -c b~ ao reflects a .r ec tl y into  a orn~ ta nt
error in estinareC~ c~ nge but OOeS not affect rnnge—r.ce or ranpo—acce rattan
estimates .
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Based upon these considerations and the state—of—the—art in ASCOT and
SSR—l development the ATS error budget is selected as follows:

o SSR—l Error Budget — The SSR— 1 error budget will correspond to the
anticipated SSR—l performance as defined by Table 10. That is com-
pensated bias errors of less than 40 feet and short—range (less than
3000 feet) random errors of less than 15 feet , l~ .

o ASCOT Error Budget — The ASCOT error budget is selec ted as the
equivalent of 50 millivolts (2.5 milliradians), lo, at maximum
firing range (3000 ft). This figure includes both random and
bias errors over the entire ASCOT FOV.

o SGAP Error Budget — The ATS SGAP should meet the medium—quality
specifications for rate gyros and accelerometers presented in
Tables 11 and 12 with converter accuracies as specified by Table 13.

Figures 55 through 58 present the effect of the increase in the ASCOT
error budget over the nominal ASCOT noise used in generating the reference
ATS performance (Figures 46 through 49). These results confirm the utility
of the sensitivity analysis in determining the effect of degraded measure-
ment accuracy , and illustrate the ability of the ATS tracking filter destgn
to perform within the AGFCS requirements established in Phase I with the
budgeted sensor errors.

8 — —  — —— —  —

— 6 — — —  — ——— ——— ———— —
~
— ———— 

______

Time - rec

F I G U R E  55
ANGLE SENSO R POINTING ERROR . BUDGETED ANGLE SENSO R ERRORS

GP1~ t I t 2 - C4 ~

109

_ _ _ _  

, . - - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - -~~
--- ---



—~~ 8

__________ 
1 
_______________

Time - sec

F I G U R E  56
ERROR IN ESTIMATED POINTING ERROR - BUDGETED ANGLE SENSO R ERRORS

6P 74- 0122 142

40- -

;~ ~ I I ~~~~~~~

213 

~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~ ;~~~~~~~ 

. l~~~~~~~~~~

T i - —  

FIG UF1E Ea7
ERROR IN EST IMATED Vt LOCITY - SUDG~~1E~~ ANULt SENSO R ~~~RO~~~

- ‘ ‘ 4 -0) : :  -*

110

L



60~

40 ~~~~~~~~~ - - ~~~~~~~~~~~~~~~~~~~~~~~~~~ -

- 
i~~

;
~~ i ‘ 

- 
-

20_ iJ~~~~~~~~~ ~ 
— -

~~~~~~~~~~~~~~~~~~~~~~~~~
-—

~~~~~~ r~ 
-

I ~~ 

l~~~~i \ ,
) ’

~~~~~~~ 

~~~~ ~~

‘

~ 
10 11 ~2 i 3

Time - sec

F I G U R E  58
ERROR IN ESTIMATED ACCELERAT iON - BUDGETED ANGLE SENSOR ~~~~~~CI IS~~

OP)4-0122 140

~~~~~~ - I 
_______________



1

~lr; C~ u!~~~ s PROGRJd-1 P LA N N 1N G

5 .  i N ’ l RU J J C  l aiN

A ~-ons r ~~~~ amou n t  of pra ~~ra:a ~~an n in ~ ac~~~vi~~ w~~ ra - ~~--
~~~ t t . .e  couro~ a. t subj~~ct cont root, I: t o oK  tony v~~OSe utrec One ,

-~~ -:i J c n g  p r c i ) .t~~e~~~y on :~ -o f a c t o r s : ,a :he ~~~~~~~~ to ~he compute r !
.~~~~ . f  ar c  c o n f :~’u r at or 1 W3 1Cu , t o g e t h e r  w i t h  t t e  sensor arts soc :wa re  3t1
sy s t em s  • L~cs up -

~~ com -p~~ete ATS s y s tem ;  and 2 )  the  approsna.  :o sc~~ on:
Ab~ : s ~,:~: tes rc i t  it  a fo l l o w — up  A LYC S p rogram p h a se .  While tu ch ~ cisc

- .~ ~r L~~v - - uaa:)rt~0Kon IS  to I U th C  r app ‘. :00 I, ~~ bel  l e V a t  

~~~~~ ~t ~or~~ )i. A - : ar d I n ~~I y ,  ~ ec:koa~ t~~~
su::a: .a rczc al oi th Phase II pr o g i~Cra p ~aa c n ~ activ~~t’r , ~_ _ V i  

~L
~~~~~~~~~~~~~~~~~~~~~~~~ b~~~s~- c n ce . r t s : er  ~:ri u ~n er ~~~a 1 aenS~~r o o n s c .~~:~.t 1on . :~~~ - e c t  - -

~~~~~~~~~~ ~~~~~~~~~~ ~~~~ _ : .~~ , teO t i l e  ~ C A i R  Phase  I propos~~~, t;~e n~~- S~~~tos
\- j artO sub i:~~eu : t ra~~~~ :O I .L i c  pragri:is, tsi ti t t e  ~7 Oc:olr  ~~~~ tt. - —~~- ) r .c
) L~~~~~~~~~ re p o r t .  - ) _ t a ~r : .  5. -, 1~aw ir~~~uQe~ Vts’,’c Cd ~. rp :c o r l  opp : ..~~
fo lw—an ef~~ r W alt  - -  ~~~ ~~:u :  r up - a b c . c t y .  l t e o~ e~~~ tu n~ ~~~
D~~~~~u a:~~~~ .l  rel~~tc~, C a t i~~~~ . :tr c p r o g r am  :n for t ., :~~ t a v at . a o e ~~
t ir ~ a: ~~~~ report ~.ro :: s-~atct~~ l,

5.1 ~ a~~~~~1 t - . C t i \ l e b i~

:a e a: a a s : e r  .5. C:,5~) . ~~~~ - ;eare i c .’o .~.-~~~.e t .  ce- a~~ia~~. ~~~~ :.~~~-
-
.

~ a 5n~~ ~a: t - f i h c e:. t t s  p r ~-gr a o  ~~~~tn c n g  a~~:1vi:’. :o~ : :na
r . .~~~~~~~~~~~~~ f O . ,  ~ dC .V . ’ c&S , L±~~~ 1i .~~ .5 ~~ V t . . : .a  ar~~. - O . . C~~ 5
win~~ i i , J. ~~~~~~~~~ 5~~t,es s~. a~~ ~~~~t t i f i e J  as pa r r : ..a_  A~~c -- -

.d-: C — 2 , 3~~:0 r — h e . r t O t :  : : — _ a u-J , I ~~~ rI ~~oct:ic ~~~~~~~~ ~ :- .in~~r~.-
O. t i . . C ~ f a t~, 0 i  ~t 1vc t O ~~tt ~~~ - L~~~ Q..~~U_ L ~~ c~~cri i. ~~~~~~ t t~~~t 1 -

~-i -
~c

o~-m o r .~a~ t eC .~L~ , t a o  corap ~~:.~: ~cn :csr~— : ,c~~r .: ~av e -~e~ a : ~~~~
fa~ L a o .  3 i . — s~~t t c a  t a . s  - .e~~e V d 3 L a . o  ~~~~ t au  s:nii :.~cv I :.~. I.

-.

:t ~ ) IOh : u — . e:, oy - . .n :~~i - . i— I  . :~~ - , - r c c ~~~~ i , ~ -~lr-. ~o f o wa:-a

~~~e :.~. :ola:a ~. p r.n~~ng a c :ivL  

~C - .1A~ a Lov e ~op:~~ n : t.~~ as~~eI i~ - en~~oag e sal .‘rarc. cc
poten t .iav~: r an t -  w-~~ ~~~ ~~1 

0~~~~~~ t of  t a c  a~~so -~~~CI .

hardware a. t t I,  k-be  ap~~. by iger— r~eorio ~:, some of w t i r a  os  carp ts yce
015 t t t .  A—7 ~~ oor~~i t oviaa~~~s -

- i  t~ - : . 0 ang 545 - t O i l  ~ t ~~ ~~~~~ t O  ~~
— 2 O - ~~~. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- 
- - 

..- ) t.h t A — . I i. . ..~ L . i i ,r 
~~~~~~ a~- t i- . i S d \ c  5:0 ~~~~~~~~~~~~~~~

- ) 
~ 

- tar  :. - ..~~.. ~~~~~~~~~ its ne:.: ~n_~
e5 s e tL c~~s L\ ’ O~~~ i - t S  ~~t~~~~t w i - 1 -  t a c  o— . r~~J :r : , c -- c ;
w~~ ae-~~ .g ~on ~~~~cro- a as s:-rt.as-~. -. e p ~~. - 5 c r  -\s- 1 ,~1-J~~r t .3; t act v ._ t ;;
.~nd 0) ~n :~~:i .. ‘~

- .~~~~t the ~l— 7 c  1i-t~~~ o .  p~~~t f a r r .  (~ p..cciie~ as ci;

AFAL f t r :- l t .- . ~~cr ~a. t e  .‘.~ - r s  St ert- t~~) ~ : 1:- r3~~e O~, w cu_ . ~o
s i : . .~~~-: ~. st — V c L t.-~~ S~n, t — l O - i t , O t t  r c ~~:-:~~ , ,~ .~~~rowa:c . A 5 1 ~) :
sn.ca :a.ts ~or-snt~ r o ~a:ge, t i l : oe  ;-r ~~~a~~p . . t  ?‘~~~~~~~~~~~~~

-
~ 

to t t t . r ~~.et. s t: ware
aev e k U 1)~~LrI : w,.- i - c ~~nscuereu ct ho r~~ - n ~~o p . a ~~;~ a c : cv c t y ;  1) - .JLI;.

—— - -  —-- - - -  — - -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
_ _ _ _ _ _



p r o v i d e  s o t r w c r t c  deve~~op m e n t  based on establishing the required support
software capability by appropriate transfer of software/hardware from
AFAL ; 2) MCA R would manage the software development activity with Kearfott—
Singer as a support subcontractor; anu 3) AFAL would provide the software
development with support , as required , from Singer—Kearfott and MCAIR.

The isitt er approach to SKC—2000 software development became the
pr in a ry  one at  the  time t h a t  the  hLA IR ATS de~ e 1opme nt  was f i r s t associated
w i t h  the t ra inab le—gun e f f o s t  of the ASD/Y? . Shortly thereaf ter ,
i3iWOVe O , the concept oi an autonomous ATS hardware configuration was pursued
by ~dCATh . it was based on MCAIR obtaining consigned computers and the
associated software develorosent from industry sources. This approach ,
onciuding the appropria te  indus t ry  support , was presented in some detail in
Status i-alsort~ 3 and 4 arIa cm the risid—term briefing report. As of the
tIuc of Its I n a l  re s Or t  s u b m it t a l , tn e  concept  of an autonomous ATS
remains the co s t  v i a b le  approach  to the c o mp u t e r ( s )  f o r  a fo l low—on ATS
phase wh ich  is li ract e d  to t n e  overall system fabrication and test. A possible
alternat e approacs-. for consc uerorior. involves the Westiiag’r.ouse digital
ronnater which AFAL os currentl y considering as a standarci computer for
~n—house aevc .opment activity. Either AFAL software devel opment (with >~CcJR
s u p P o r t )  or N CA I R so ftware  development  (wi th  AFAL s up p o rt )  would be possiale
wc :h  this computer.

5.3 INERTIAL SENSOS. CONSIDE?~TI0XS

The inertial sensor arts ussoclated interface considerations , pursued
throughout the Phase II effort , have also tao a significant e f f e c t  on
related program p lanning uctivoty. laos  activity relates principally to
the two potential inertial sensoi canoidate configurations : a gimbailed
platform system , and a strscodcwn Therrial sensor package . The initial
technica l  coord ina t ion  atd re la ted  program p lann ing  was pursued in
connection with the Singer—hearfo:t KT—70 gimballed inertial platform.
it s  advantage , d u r i n g  the interval that the IBM TC—2 and Singer—Kearfott
f~ C— 2QQQ c o m p u t e r s  were  being considered , was that Singer—Kearfott was

l i a r  w i t r s  t h e  r a c : u t - a a  an o a l ready — d e v e l o p e d  i n t e r f a c e  h a r d w a r e .
L . - . 0r 0 .n 5 l7 ,  or t . e  tine of Ia i r. : tja l  c o o rb ir . at i o n  between the  ATS and
t r a i t~~r . : c — h ut r r o g r u a s , 1t sos p l o n ne c  :c4r S i n ger — K e a r f o r t  would sup :iv
u 1  Al c n t e r f ~~ce ~ ur u w a :~ to AFAL . T h i s  was consistent witn AFAO plans

...IC t~~te w - iich 0 te~ nuec Ala development of the SKC—2000 software one
Ar’Ai. i n t egr a t i o n  of the  ATS t o t  m o c k — u p  conf ig u r a t i o n  pr ior  to f l igh t r e s t .

It t~ds b e c a u~~o cf ut i.: ~ratad technical difficui ties associated with
alove A~ A .  o p p r O u r t~~ alS ir . t e gr a t i a-’ h CA IE p r op o s e d  the

autunamout A lt- ~ppr oo:a ~~~e ; t~~~ ~~ a 5:; Sect  ion 5.2. The u nt O n o r s o-uS approach ,
f rom i tS  concep t i on , i~~n l : s d e t . t t e  u s a  a: strapdown inertial sensors. Even
) O O C .  to cu n s : s~e r o r g  ~o-s u u t : r .:-nous Al. , t he p o s s i b i l i t y  of using t h e

note:-~ c 1  ~~ 7S i n c r :~~~l re~~~re n:e r a o~~~l ~~R P ) ,  or e ç-u iv a le r .t , was
et. tsere  t t  aecoruatce : . i - r t n  the  work  s t~~t emen c  :~rav~~so o ns .  I was in i t o a l ly

iso ped t h a t  :s;Is IRs and associ~at e d  c o m p u ta t i o n  coul  p r o v i d e  i n p u t s  to both
r l Ot C - VW C u f lj  lA in  ATS cnn  Inur - : corn — s-a a common f l i g h t  t e st  bed .
t I s e  coclnur .— t c s t — o e u  ap p r o a c h  was abanooned (at the  rins e t h e  >s CalR—A T S/
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trainable—gun coordination was initiated), MCAIR sought other sources for
a consigned IRP and related hig h — d a t a — r a t e  computer (HDRC) .  Details of
n t i s  ac t i v i ty  and i ts  outcome are presented in Status Reports 3 ~co 4 and
in the m i a —t e r m  b r i e f i ng  repor t .

As uf the t im e of this  f i n al  report  submit ta l , the strap down se sor
approach presented in tise mid—t erm b r i ef i n g  remains the most viable c.ppro 000.

t i l L  AI S ~mertiai rec1 uicecan:s for follow—c-n Al effort. A oc-satbla
a~~tOOtdLC is one interface I the Bendix ASCOT with a Senoox—furnishod I?
anc related I-ID RC . A l t r o u g s  the projected schedules considered at the OiO.ci

of the n id— :erm briefing preciuchsd hsis possibility, it appears to c-c a
l slole approach at  the t ime Cl th is  r e p o r t  s u b m i t t a l .  One or  ohs
aiv~ ntages of this approach is chat the fol low—on development of one overal l
stabilized angle sensor subsystem would then be pursued in conj unction with
a single angle sensor subsystem suocontractor.

5.4 OPTIONAL APPROACHES TO FOLLOW—ON ATS DEVELOPMENT

14.1 ?rimar! Potion

The prImary op:ioc to a Phase Il. follow—on AbS develo?nent e020r: Ia
o~~ et:lal.y equivalent to taut presented a: rho t i O— t ef lt  br~~e f o n g  ax cep o
f ar  a l c c f n u t T l i n  of brassboard fabrication and test. Although ohc~
cl .n a u~~iat O~~SL i  ts ifl an c ac roasse  in the proposed -I rogra::. auration,
t t t l C i P u t O u  ~ t a t  it  will r~~~n t in decreases program cost. The soredales
of Ei gura~ 09 ts: ~ U suonsariza :als p r u r ar y  option. The companies wdcnh
pravooualy agreed cc a cons gnmenr status for the str0p dowr gvro jacceboro—
se ter p a cK a ge  (SGAP ) art. re’ated HDRC , and for tna general—purpose computer
and reiataa :nterfoc5 soodwore are not identofied in Figure S f.  however ,
in  is believed that these coupances , or equivalent sources , woal agree to

s i mi la r  arrangement (i.e. cons!gned equiPment with fuflded engine500ng
support) a t  the appropriate fu t u r e  tins. Furthermore , i t  is beliovc-I c a st
t te  sc.~~u u c  fran go—ahead would not be affected by a coange no. t t O 5 e

nOtelitial suhcoatractars , if chat proved necessary or oas~~r scle . The
princi pal Al sensor subcontr~~::ors are odenttfied cr~ Pogure 59 and , of
course , wOutc Oc the sole suppliers of the respective ATS sensor designs
pursued caring Phase .11.

5.4.2 Allernare Options

v a r i c - r v  of . i r ar n c t e  Op t t o n s  are possinle for a LCI~ CI~~a.; Al-if
cf fo r  - . t e .I L t v O l V o  VC~ Ot ~ Ifl~ dc-;rees I decretacs ir I  pro c  ran cu:cc c .
. t a /) O  co.r an~ ace  :e~ 00 t h e  :,- a l o pm e n :  of r isc  ~n c  5 n u ~
I :- e  I S c u t  te, Ph .  I l l.  Ic range- co o so r  par ro o . . ,  -~nic  oorecc::s

~igt t.~~~ an~t ~ a e r  t L C h t t t s l  n sa. COU1c t t~~t be onal..eed cc a ?~.OaC a~

-:f f- rt . The fi:st o~ L t ~~e optit.is is t a  3~aou~
, ru cau~ the a n g l e

t o  t~~~. o p r o c a .  h~~ ~~proach worte oecre~ se one Ic

p. - :- :. ct.r~. a nj  up :~~xcc .tel :-a—mcnths and wculc decre~.rt Ote

c o .  ty  .sn :r-a :s~~rate~~y ial~~. T~:e se-:ciici al:ertdt-. O~~t i  on~~~~~~ scns. .a0  c-~~5 
s 0,10 uae  c: onas000aru ASCCT cancer ~taaa: a : g n r  3v scem  Ac- -~

_ -

It s_ u a cieccu cise t h u  prcgram saurat~ o:. by appro~ radteiy four mossoss uflO t i S E
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~n~-g ran cos t by  .p p - rL x i mdL c y 4u ,~. A oh i ra  a lt e r nat e  opt ion  SaSO unvoives
bras sau.ru ASCOT and , in addition , includes a laboratory computer (employ—

cog Fortran progran-r:mnn. rather r;san fligno system computers (requiring
ussemoTy language prograsr~ ing). This option would also decrease the program
dur ~ n~ or, by a)proxl.rarel y f o u r  months ( s imi la r  to the last case) . However,
c: would aecrecase the program cost by approximately 50%.

bite b u sc o  purpose c-i rise latter option wool be to define and verify
t~~ e ~ooI:Io I et e  angle sensor p o r t i o n  of the ATS desi gn at  ore laboratory level
prior o pursuing a fligur—worthy AbS imp lemomnatton. This approach ass
ti e cuvantage :nan it could oc expected to yielc an improved angle tracIng
e u s - t o gn  due to i ts flcxie :c i:  for design modifications based on
exper imental res cts . TI-sos flexibility .s afforded by the comb ination of
a t O a S S O O c I t .  A a I O T  afld Fortran programmed software . Still other options
are  passorle, onvoiving furtoser reductions in program scope. For example ,

AObOl uevelo?ment ~uulc be pursued in conj unct ion wirn  rate—stabilizatior.

~u~.canra:ion only. baja would involve toe implementation of a simplified
sccond— or ser loop closure in the ~sigr—cata—ra:e conputer. The Kdlnsar. iil0ar
ac tsentation , ord othar racated features involving tue genera l—purpoac coos—
rotor , wo ula. rosen oe put sued  its a later phase. Or , alternately, the Kalo-san
fil ter augmentation ~~~ uld  be tempor arily eliminated from follow—or, effort if
-tu e results achieved -ltd race—stabilization augmentation only prove to be
deeqoa te .  Another option , no t recommended by MCAIR for consideration , would
so no pursus further ASCOT development in an unaided strapcowr~ node. ghI1e

a potet-t::a 1l y cesirac-le ASCOT mode for mIssile seeker app lications ,
a~t . S o 0 S  to represon: ant unnecessarily high technical risk for applicatIon

no a s u a  tore control system .

ha-, eu  or on e  cOSt- C ~ur.~ icie rat lons , it is believeu toss: more specofic
Lar ,n~ n1g a c tiv i ty  m u s t  awai t  AFA~ dec isions and recommer .dat ions

r c 0ar u i ra g seuloc of the scary possible a l te rnat ives  appear to be on e most
app r o p r i ut e .  3ena :le~ a l t e rnate  program plans and related costs co-Ia o m e n
be preseanco ~n a response to  oat AFAL Rr’P itentilying a few specific
a t e rccte ~ccroaLnes w n i or .  are of current interest to the Al-A k.

~..~ 0
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